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INTRODUCTION 


The studies reported in this volume have been conducted by a 
committee of the Division of Medical Sciences of the National Research 
Council. They represent a part of the unification of effort by a 
number of agencies having responsibility for the solution of the 
problem of drug addiction. A complete list of the publications under 
the direction of this committee is appended to this volume. 

The funds for the chemical studies at the University of Virginia and 
the pharmacological studies at the University of Michigan are pro- 
vided by the Rockefeller Foundation. 

The clinical work has been done under the guidance and direction 
of the Division of Mental Hygiene of the United States Public Health 
Service whose functions, as defined in law, include the administration 
of two Federal institutions for the confinement and treatment of 
persons addicted to the use of habit-forming drugs; the conduct of 
studies dealing with the nature of drug addiction and the best methods 
of treatment and rehabilitation of persons addicted to the use of 
habit-forming drugs; the dissemination of information on methods of 
treatment and research in this particular field; the cooperation with 
State and local jurisdictions and other agencies, with a view to their 
providing facilities for the care and treatment of narcotic addicts; 
and the supervising and furnishing of medical and psychiatric services 
in the Federal prison system. These functions also include studies 
and investigations of the abusive uses of narcotic drugs and the 
quantities necessary to supply the normal and emergency medical 
and scientific requirements of the United States and studies and 
investigations of the causes, prevalence, and means for the prevention 
and treatment of nervous and mental diseases. 

The purpose of these studies is to find, if possible, some means of 
reducing or correcting the evils of drug addiction. It was recognized 
that the problem had reached a point in international and national 
affairs which demanded attention and a very considerable expendi- 
ture. Although a relatively small proportion of those who receive 
morphine for various reasons develop addiction, it would seem as if 
there must be a receptor in certain individuals which gives rise to a 
sense of euphoria when combined with a chemical unit of, for instance, 
the morphine molecule. The majority of those who for various 
reasons are given morphine do not attain this sense of euphoria and 
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therefore are not tempted to seek repetition of its administration nor 
to become addicted to its use. 

In determining its program the committee was influenced by the 
rapid decline in the use of cocaine as an addiction drug after the dis- 
covery of novocaine and pantocaine and by the fact that addiction is 
not considered to be associated with the isoquinoline derivative of 
opium but with the phenanthrene derivatives of the morphine type. 
It was, therefore, decided to proceed along the lines of separating 
chemically, if possible, the addiction property of morphine from its 
other more salutary attributes. The committee thought, if this could 
be done, the same result might follow as occurred with cocaine. Or 
if such substances could be produced synthetically, the same result 
might be attained and much might have been done to lessen the 
danger and importance of drug addiction. 

The committee realized, however, that if this were finally accom- 
plished it would raise in many countries in the world a labor problem 
among those now engaged in the cultivation of the poppy plant. 
This economic aspect of the problem has already been considered by 
numerous surveys conducted abroad, having for their object the 
replacing of poppy cultivation with other crops in those countries in 
which poppy cultivation was a major industry. Morphine is by 
no means the ideal analgesic because of its emetic action and respira- 
tory effect. If the ideal drug is derived from morphine this problem 
would not arise but if it is derived from coal tar the world would 
have to face it. 

While the committee was not sure of accomplishing its purpose it 
felt perfectly sure that, by a systematic study of a series of modifica- 
tions of the morphine molecule, to be followed by a careful physio- 
logical study and application to man of those substances which gave 
definite indications of value, it would add greatly to our knowledge of 
animal and human physiology and furnish the base line for future 
studies in this field. The committee realized that, since man presents 
practically the only problem of addiction and since the results from 
the studies of these drugs in animals cannot be directly applied to 
man, the final studies must always be in man himself. 

A series of 16 drugs, all modifications of the morphine molecule and 
of known chemical composition, with morphine as a base line, ranging 
from codeine to beta-chloromorphide, have been studied in man. One 
of the chemical difficulties in this research has been to provide drugs 
which would prolong the pain control factor so as to reduce the need 
for repeated dosage and at the same time to eliminate the fraction 
responsible for euphoria. At the present time it appears that rapidity 
of action of a drug has a direct relation to its continuance of action. 
. The More, rapid the. action the. “shorter i is the duration of its effect. 
“; Fis Property possibly Ban: rélation also to its euphoria attribute. 
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It has been possible to produce by synthesis from coal tar deriva- 
tives drugs that are in animals the equal of codeine or pseudocodeine 
in the control of pain and which have no euphoric quality. Only a 
few of the synthetic drugs so far have been tried in man for various 
reasons, such as toxicity and solubility, but there is hope of ultimate 
success in this field. Important progress has already been made both 

‘in the analytical and synthetic sides of this method of approach. The 
intention of the present publication is to bring the results of these 
studies up to date and make them available to the rest of the world. 

A new implement has recently been added for the study of these 
drugsinman. The United States Public Health Service, through the 
Division of Mental Hygiene, has just provided the most sensitive 
encephalograph yet built, at the United States Public Health Service 
Hospital at Lexington, Ky. The early studies with this instrument 
indicate that for the first time an objective method has been provided 
for the differentiation of the action of a series of addiction drugs of 
known chemical modification in the study of brain physiology. Ina 
single case a difference has been found in the encephalograms after the 
administration of morphine and the methyl ether of morphine 
(codeine). 

The encephalograph is only one of the methods which have been 
provided at Lexington for the study of drug addiction by a group of 
experts in a well-rounded plan. In no other country does such an 
institution exist and it would not be possible for the National Research 
Council to undertake its work without the sympathy and full coopera- 
tion of this great clinical facility. Studying drug addiction in other 
institutions often fails because of the short stay and lack of supervisory 
control over the group of patients with whom such a study must be 
carried on. 

There does not exist today a satisfactory base line for the study of 
pain control in man because of the wide differences in the response 
to pain in different individuals. A method, using nerve conduction 
as an index, is being worked out at Lexington. This, if accomplished, 
will facilitate this work. The method assumes that the sensitiveness 
of a nerve trunk in conduction will be an index of its ability to transmit 

‘all sensation, including pain. 

Other clinical studies are being carried out by the department of 
public health of the State of Massachusetts in cooperation with the 
Division of Mental Hygiene of the United States Public Health Service 
and in the departments of medicine and surgery of the University 
of Michigan Medical School at Ann Arbor. 

It is hoped that the publication of these studies at this time will 
be of value not only to those interested in drug addiction but also 
to chemists, clinicians, physiologists, pharmacologists, and all who 
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are interested in the question of the relationship between chemical 
structure and pharmacological action in animals and man. 

In addition, the products of the chemical laboratory of the Uni- 
versity of Virginia have found experimental application by workers 
in the sex hormones, tissue culture, and carcinogenic activity. Fur- 
thermore the divisions of chemistry and pharmacology have provided 
training in fields for which no other institutions here in the United 
States are prepared. Already the University of Virginia has had to 
yield nine men to the industries in the United States and elsewhere. 

It is to be remembered that the problem of drug addiction is only 
part of the far greater problem of mental health which in all its 
branches is probably the most serious welfare problem with which 
the country has to deal. 

The committee wishes to express its appreciation to all who have 
taken part in this coordinated study which has provided a new and 
so far successful method of approach to a very difficult problem. 

The Committee is especially indebted to Dr. Walter L. Treadway, 
Assistant Surgeon General in charge of the Division of Mental 
Hygiene, U. S. Public Health Service, for his valuable assistance in 
helping to coordinate the various interests of many diversified agencies 
of government that are concerned with many aspects of the problem 
of drug addiction, and for his cooperation in helping to make available 
technically trained personnel and equipment in connection with the 
clinical studies herein reported. 

Wo. CuHar.es WHITE, 
Chairman, Committee on Drug Addiction. 


WasuineTon, D. C., December 6, 1937. 
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PART I. SOME RELATIONSHIPS BETWEEN 
CHEMICAL CONSTITUTION AND PHARMA- 
COLOGICAL ACTION IN THE MORPHINE 
SERIES 


By Lynpvon SMma.u, Research Associate in Organic Chemistry, University of Vir- 
ginia, Consultant in Alkaloid Chemistry, United States Public Health Service, 
with the cooperation of Frank L. Conen, Rospert E. Lurz, Erich MeITzNER, 
Davin E. Morris, Louis K. Emers, Burt F. Faris, Howarp M. Fitca, 
Frep S. Patmer, Kecuer C. Yuen, G. Lanpon Brownine, Epwarp M. Fry, 
James E. MALLONEE, VIRGINIA QuARLES, WiLLIAM E. Situ, Lyon Sourts- 
worTH, and S. GRAEME TURNBULL 


and 


NatuHan B. Eppy, Research Professor of Pharmacology, University of Michigan, 
Consultant Biologist in Alkaloids, United States Public Health Service, with the 
cooperation of H. M. Krurasr, C. I. Wriaut, and Marcaret Sumwa tr, 
and with the assistance of R. H. K. Foster, A. K. Stuon, G. G. Woops, H. 
Gay, H. A. Howns, F. A. Barsoor, J. G. Rem, B. Anrens, H. Oswa.p, 
M. Biock, and P. Raauf 


Introduction 


The investigations summarized in this communication form a part 
of the research program begun in 1929 under the auspices of the 
Committee on Drug Addiction of the National Research Council. 
This program has as its primary object the synthesis of drugs having 
little or no tendency to cause addiction, which may serve to replace 
morphine, heroin, and other dangerous narcotics in their therapeutic 
applications. The results so far obtained in this systematic search 
for an ‘‘ideal narcotic” are scattered through a long series of papers 
in the chemical, pharmacological, and clinical journals, as well as in 
unpublished reports to the National Research Council, and the present 
paper is intended to coordinate and review the accumulated data on 
the problem. 

In approaching the synthesis of new drugs that shall exert a mor- 
phine-like action, two routes are open, namely, operation upon the 
alkaloids of promising structural type, especially those of the morphine 
group, or syntheses starting with unrelated or distantly related 
nuclei. The first method, while likely to lead to active drugs, has the 
disadvantage that products with activity comparable to that of 
morphine may be likewise addicting. However, because of the ease 
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with which a large variety of structural changes may be effected in 
the alkaloids of the morphine series, and the general high activity of 
the derivatives, much valuable information concerning the pharma- 
cological significance of these changes may be obtained. The second 
method has the obvious disadvantage that the possible starting 
materials and the directions in which synthesis may be undertaken 
are multitudinous, and there appears to be no previous experience 
in this connection beyond isolated haphazard experiments. 
Whether it will be possible to prepare any drug with the power to 
control pain requisite for a morphine substitute, without at the same 
time introducing factors which will cause the appearance of other 
phenomena leading to addiction, is a point which remains to be 
settled. The most useful effect of morphine (and certain of its 
derivatives), its unrivalled ability to alleviate pain through its action 
on the central nervous system, is accompanied by numerous other, 
often medically undesirable, actions in the body. These are, briefly, 
respiratory, circulatory, gastro-intestinal, emetic, and general de- 
pressant manifestations. In addition, the administration of morphine 
in many individuals not only relieves the discomfort of pain and 
restlessness, but also causes a pleasurable feeling of well-being, a 
“euphoria.’”’ Both the relief of discomfort and the euphoria may lead 
to repeated administration and repeated administration sooner or 
later leads to dependence, the sine qua non of addiction. This 
dependence is physical as well as mental, and although the mechanism 
of its development is obscure, it is probable that there is a relationship 
between it and the chemical structure of the addicting agent of the 
morphine series. ‘The development of dependence after prolonged 
administration appears to be related to the presence of certain modi- 
fiable peripheral groups rather than to the structural skeleton of the 
morphine molecule itself. The numerous morphine derivatives 
containing the complete morphine carbon-nitrogen-oxygen skeleton 
whose addiction liability is in some measure known, vary so greatly 
in the intensity of this factor that it seems improbable that the 
structural skeleton itself is a decisive element in the development of 
dependence. In addition, there is direct evidence that the physio- 
logical effects of a particular drug, in part at least, result from the 
presence of various functional groups, since, by suitable chemical 
changes in these groups, characteristic morphine actions can be 
changed and often in a predictable direction. Therefore, it seems 
reasonable to expect that addiction also may be dependent upon 
functional groups and hence may be modified by chemical changes. 
Even though it has been possible in many cases to associate the 
intensity of a given action, analgesia for example, with the modifica- 
tion of definite groups in the molecule, a similar association between 
such groups and addiction has not yet been demonstrated. The 
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most promising advance in this direction appears to be the discovery 
that it is possible to achieve in certain drugs a marked dissociation 
of duration of analgesia and duration of dependence satisfaction, and 
it is probable that the most desirable type of drug from the standpoint 
of addiction liability will be one in which duration of analgesia exceeds 
by a wide margin duration of dependence satisfaction. 

It should be pointed out that the hypothesis of the relationship 
between chemical structure and pharmacological action, including 
addiction, may be expressed in a somewhat different form. The 
many characteristic actions of the narcotic may be considered to be 
functions of the structural skeleton, but their exhibition in any given 
example requires the presence of specific peripheral groups, these 
acting as points of contact or reactive mechanisms for the living cell 
systems concerned. According to this hypothesis also, appropriate 
chemical modification of peripheral groups would modify the char- 
acteristic morphine actions, again including the power to cause 
addiction. 

- The selection of compounds for clinical trial and addiction studies 
has been made on the basis of pharmacological experiments covering 
about 125 morphine derivatives, most of which were prepared for 
the first time in connection with this work. We have regarded it 
as of primary importance to choose for the pharmacological tests 
types of compounds that will demonstrate the physiological signifi- 
cance of the various peripheral groups of the morphine molecule, 
and to study the changes produced in the physiological picture 
through changes in the nature or position of such groups on the 
nucleus. From such studies has been gained not only a knowledge 
of the influence of these groups on the action of drugs of the mor- 
phine series, but also information of value in the synthesis of com- 
pounds from the phenanthrene, phenanthrylene oxide, dibenzofuran, 
phenanthridine, and carbazole series. The relationships between 
constitution and physiological action that have been found to exist 
in these synthetic substances will be discussed in the following com- 
munication; for the present it may be stated that many of the con- 
clusions drawn from the behavior of related drugs in the morphine 
series appear to be applicable to similarly related derivatives of the 
phenanthrene and dibenzofuran series. 

The methods employed in the pharmacological experiments have 
been fully described elsewhere (1, 2, 3, 4, 5, 6). The routine points 
of comparison were toxicity (mice), convulsant action (mice, prin- 
cipally), general depressant effect (rats, chiefly), analgesia (cats), 
exciting effect (cats), emetic action (cats), and respiratory effect 
(rabbits). In many instances other phenomena have been studied, 
particularly gastro-intestinal action. The effects thus observed, ar- 
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ranged according to the changes in chemical structure in the mor- 
phine group, will be discussed under the following general divisions: 
. The phenolic hydroxyl group. 

. The alcoholic hydroxyl group. 

. The ether oxygen bridge. 

Alicyclic unsaturated linkages. 

The influence of nuclear substituents. 

The change from tertiary to quaternary nitrogen. 


Po Oo 


1. The Phenolic Hydroxyl Group 


It has long been known that methylation of the phenolic hydroxy] 
group of morphine (II) results in a product (codeine, III) in which 
the pharmacological activity of morphine has on the whole been 
greatly diminished. In addition to the methyl ether, the ethyl and 
benzyl ethers of morphine (Dionin and Peronin) have been previously 
investigated, but the effect of etherification (or esterification) of the 
phenolic hydroxyl in compounds of the group other than morphine 


NCH, NCH, 
buy CH, 
7 
u OH CHO (2) H OH 


I. Numbering system. II. Morphine. III. Codeine. 





itself, has been practically neglected. In the present studies, the 
result in pharmacological action of this type of change will be con- 
sidered for all of the important known types of morphine derivatives. 


(a) THE ISOMERS OF MORPHINE AND DIHYDROMORPHINE 


When morphine is treated with reagents suited to replace the 
alcoholic hydroxyl group by chlorine, as phosphorus trichloride, or 
thionyl chloride, isomeric chloromorphides, designated as a- and £-, 
are formed. From the action of phosphorus tribromide, a bromo- 
morphide is obtained. 

Hydrolysis of any of the halogenomorphides with dilute acetic acid 
yields, in varying amounts, three isomers of morphine, but no mor- 
phine. a-Isomorphine is a diastereomer of morphine, a derivative 
in which the alcoholic hydroxyl group at position-6 is reversed in 
configuration, without other changes in the molecule (formula IV); 
8- and y-isomorphines differ from each other similarly in the con- 
figuration of the alcoholic hydroxyl, which in this pair is located at 
position-8, with the unsaturation at 6, 7 (7). These two are, of 
course, structural isomers of morphine and a-isomorphine. 
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The respective methyl ethers corresponding to the a-, B-, and 
y-isomorphines are isocodeine, allopseudocodeine, and pseudocodeine, 
which may be prepared either by hydrolysis of the halogenocodides, 
or by methylation of the morphine isomers at the phenolic group. 
The ethyl ethers of the morphine isomers have been prepared only 
by ethylation of the phenolic group in the isomers themselves (8). 

The isomers of dihydromorphine and dihydrocodeine cannot be 
obtained by hydrolysis of chlorodihydromorphide or chlorodihydro- 
codide, for these halogeno derivatives resist hydrolysis, and, were 
hydrolysis possible, lack the alicyclic double linkage whose presence 
is necessary for the a, y-shift that results in the 8-hydroxy types in 
the unhydrogenated series. The isomeric members of the dihydro 
series must therefore be prepared by reduction of the isomers them- 
selves. a-Isomorphine and isocodeine can be hydrogenated with 
ease, to give the diastereomers of dihydromorphine and dihydro- 





Gans 
(OH) 
OH (HH) 
HO ie) 
(CH30) 
IV. a-Isomorphine (and Isocodeine). V. B- and y-Isomorphines (and 


Allopseudo- and Pseudo-codeine). 


codeine, respectively, but B- and y-isomorphines and their methylated 


analogs, because of the allyl ether system present (-O- CH- CH=CH-), 
can be converted to the dihydro series only by the application of 
special hydrogenation methods. Under the ordinary conditions of 
catalytic hydrogenation, as base in organic solvents, or as salts in 
aqueous solution, B- and y-isomorphines, and allopseudocodeine and 
pseudocodeine react with two moles of hydrogen, whereby the alicyclic 
double bond is saturated and the oxide ring is opened reductively, 
with formation of a new phenolic hydroxyl (9, 10). 

The tetrahydro derivatives (VI, R=H; VI, R=CH;) are thus 
obtained almost exclusively. When the hydrogenation is carried out 
in the presence of a large excess of mineral acid, or preferably with 
the alkaloid hydrochloride in glacial acetic acid, scission of the oxide 
ring can be largely suppressed, and the normal dihydro derivatives 
(VII, R=H or CH;) are obtained in yields up to 80 percent of the 
theoretical amount. The remainder of the material appears as the 
tetrahydro derivative. This method of controlled hydrogenation has 
been applied successfully so far to the following 6, 7-unsaturated 
derivatives: pseudocodeine (11), allopseudocodeine (1/2), 8-isomor- 
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phine (1/3), y-isomorphine (10), pseudocodeine methyl ether (14), 
y-isomorphine alcoholic methyl ether (8), y-isomorphine alcoholic 
ethyl ether (8), pseudocodeinone (1/5), e-methylmorphimethine (//), 
desoxymorphine-C (1/6),desoxycodeine-C (16),and 8-piperidocodide (17). 


NCHs ety 
CH. H CH2 ,H 
ee. (4 t85" 
RO OH RO ¢) 
VI. Tetrahydro 8-hydroxy type. VII. Dihydro 8-iydroxy type. 


In each of the tables of this report (except number 20) all of the 
figures are milligrams of alkaloidal base per kilogram. Their conno- 
tation and derivation is as follows: Toricity=average fatal dose, 
amount killing 50 percent or more of animals used, administered 
subcutaneously to mice; convulsant action=the smallest amount with 
which convulsions were observed during the determination of the 
average fatal dose in mice; general depression=smallest dose prevent- 
ing immediate righting of at least 75 percent of a group of 20 rats, 
30 minutes after intraperitoneal injection; analgesia=amount of sub- 
stance administered intramuscularly which caused in at least four of 
the five cats receiving the dose an increase in the pressure required 
to evoke a response when applied to the terminal portion of the tail; 
exciting effect=sinallest dose with which definite signs of exciting 
action were seen in at least two of a group of five cats; emetic action= 
smallest dose with which a cat vomited, or in many instances, when 
no dose used caused vomiting, the smallest dose with which nausea, 
licking with or without salivation, occurred; respiratory effect=mini- 
mal effective depressant dose (minute volume). See reference (6) for 
derivation of this figure. A great part of the data summarized in 
these tables is from the unpublished protocols of work in progress in 
the Pharmacological Laboratory of the University of Michigan. 
This is indicated by a double asterisk after the name of the substance. 
References to published results are given after the heading of a table. 
New substances, made for the first time in connection with this work, 
are marked with an asterisk before the laboratory sample number. 
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TABLE 1.—Methyl substitution of the phenolic hydroxyl of morphine, dihydromor- 
phine, and their isomers (6, 18, 19, 20) 
































Con- F 
General te ; Respira- 
ies 1- Anal- |Exciting; Emetic 
Toxicity | Y"" | depres- - - tory 
sant gesia effect action 
action sion effect 
DS SBROPONNDO So. occas ack sancacee 4 ay A 6.75% | 0. ye 0. 57 0. 22 0. ~ 
ok SES ea ee ae 241 161 / 36. 1 8. 04 8. 04 16.0+ 1.3 
37. Dihydromorphine_---- Sy eae yy, (a) 7 | 17.7 0.24 11.777 10.177 0.117 
20. Dihydrocodeine--_.__.-..-.--- 225 | /168 14.1 Zi.) 76.45) /3.22+ 0.9 
236. a-Isomorphine............----- 890% { (7 m6 0. yA 0. 89 0.137 0. * 
2 OE / 589 | 7589 58.9 13.0 13.0) (+) 1.5 
*265. Dihydro-a-isomorphine_.___.-- 8907 (4) 7 | 22.2 0.807 | 0.80 0. 18 0. 13 
51. Dibydroisocodeine--......--.-- 789 | 69 Yea, 8 7/191 % 98 0. 98+ yA 22 
140. 8-Isomorphine__--__-...---.---- 3247 wy, 74.0 10.17 | 9.267 | 4. yA 2.147 
64. Allopseudocodeine.........---- Af B71 178 80. 1 /13.3| 26.7 13.3+/ s™” 
*266. Dihydro-8-isomorphine___-..-- 152 152 a. $117 14 yf 0.897 0. 26 
*165. Dihydroallopseudocodeine-..-. 392 325 74.1 1.09 7.09} 9. 27+ 2.0 
141. y-Isomorphine_...___.......--- 2000+ () Z 1133+ 7.09 7.097 | 1.777 2. 36 
3. Pseudocodeine................. ra (9) 89. 1 17.8 22.2) 74.45 % 0 
*158. Dihydro-y-isomorphine-.-.---. 1687 (0) 133+ 7 4. yt 8.877 | 2.667 1.457 
*99. Dihydropseudocodeine. --.-.-- 975 (0) / 110.2 4.24 16.9) (3.39 A 49.0 























*New substance. (Single asterisk (*) has same significance in subsequent tables.) 

+After emetic dose indicates that vomiting did not occur with any dose used; nausea (licking, with or 
without sali vation) seen at dose indicated. 

2 Convulsions infrequent with fatal doses. 

+ Convulsions do not always occur with fatal doses. 

¢« None with 6 to 16 mg per kg. 

¢ Convulsions rarely occur with fatal doses; never with recovery. 

¢ With fatal doses twitching of muscles, slight increase in reflexes. but no convulsions. 

f Up to 30 mg per kg there is no significant effect on respiratory rate or tidal volume. 

2 Neither increase in reflexes nor convulsions have been seen. 


Methylation of the phenolic hydroxyl of the morphine isomers 
generally increased toxicity and convulsant action, the increase in 
the latter being indicated either by a smaller percentage of the fatal 
dose causing convulsions or by a greater incidence of convulsions with 
fatal doses. Perhaps one should class as an exception the failure of 
convulsions or even of increased reflexes to appear with the methyl 
derivative of y-isomorphine or of dihydro-y-isomorphine, both of 
which seemed to be purely depressant in mice. In view of this fact 
it is perhaps remarkable that the minimal effective depressant dose 
for the rat is so high, but in this group, with each substance in which 
the alcoholic hydroxyl was attached to the 8-carbon, whether toxic 
doses seemed to be depressant only or exhibited convulsant action 
also, relatively large amounts of the drug were needed to depress the 
righting reflex of the rat. 

Almost invariably, all of the typical morphine-like effects except 
convulsant action were decreased by methylation of the phenolic 
hydroxyl. The decrease was most marked and most consistent 
where quantitative evaluation of the effect is most exact, namely, 
respiratory and analgesic effects. 

In regard to intestinal activity (dog), morphine was about twelve 
times as effective as codeine in reducing rhythmic frequency, and six 


e 
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or more times as effective in increasing tone (2). Through the remain- 
der of the group of isomers the codeine members had less effect on 
intestinal activity than their morphine relatives, but an exact state- 
ment of quantitative relationships cannot be made at this time. 

Again, in cats 1.0 mg per kg of codeine injected intravenously had 
less effect on blood pressure than 0.1 mg per kg of morphine (21). 
The former produced an average fall of only 7.5 mm, the latter an 
average fall of 11.2 mm. Circulatory studies with the isomers of 
codeine will be referred to later. 


TABLE 2.—Ethyl and benzyl substitution of the phenolic hydroxyl (22, 23) 






































Con- A 
é General sc , Respira- 
ita vul- Anal- |Exciting} Emetic - 
Toxicity | sant — gesia | effect action hth 
action} § 
Oye OS rae eee 5317 | 5317 | 6.757 0.754 | 0.577 0. 227 0.15 
82. Ethylmorphine**___-_.-_.-.-- 4136 | 122} /42.6 / 1.66} 17.0 78. 5+ 0. 48 
236. a-Isomorphine-_-__-.--.---.--.-- 8904 | (2)7 | 22.27 0. 80. 0.897 et ine er 
*300. Ethyl-a-isomorphine**- - __--- STD | Z(?) A) 5.00) (4) hg | Jas See 
*265. Dihydro-a-isomorphine-_---- 890% | (7 | 22.27 0.807 | 0.80/ 5 ae) AGP 
*301. Ethyldihydro-a- -isomorphine** fal | JS(f) 411.3 7 2.83) 2.83 Sty 
141. y-Isomorphine____-..-...--.-- 2000+7 |(*)/ |133+7 7.097 _| 7.09 es te” eee 
*298. Ethyl-y-isomorphine** -- - ___- / 1157) /(?) 4100+) 10.7 (9) Ae | ee ee 
*158. Dihydro-y-isomorphine --_---_- 16877 | (>) 133+-7 4.44/ | 8.877 ee ee 
*299. Ethyldihydro-y-isomorphine** / 1200} /(*) / 100+} 75.00} 20.0 Ci an 
BO 6317 5317 | 6.75 0.757 | 0.577 0. 227 0.157 
305. Benzylmorphine** .____._.---- A 35 f 25 x) /1.87| 77.87 78.74 J() 
37. Dihydromorphine-_-------.--- 1337 O%, 17.7 0.267 | 1.77 0. 17 0.117 
*306. Benzyldihydromorphine**__- 7/35 35 (*) 72.40| 2.18 1.74 J) 
111. Heterocodeine_......----..--- 72/ | 6/11.40% |0.48/ | 0.327 |2. 04/ 0.016/ 
*393. ee methyl / 2B /2B / 2.9 A 3.99 (4) 7.99+] 0.20 
ether. 
*126. Dihydrodesoxymorphine-D__- 1047 104 0.327 0.087 | 0.16 (™) 7 0. wf 
*312. Benzyldihydrodesoxymor- 7 55 55 7 6.36 /1.59 0. 81 /0. 90+ 0. 27 
phine-D.** 
37. Dihydromorphine-----__----- 1337 (i) 7 | 17.7 0:37 1 LT 0.177 0.117 
*316. a ceca dromor- /107 | 107] (32.8 41.64] 8. 21 / 90.82 / 0.16 
phine.* 





























a, from work in progress, unpublished. (Double asterisk (**) has same significance in subsequent 
tables.) 

¢ Convulsions do not always occur with fatal doses. 

+ Neither increase in reflexes nor convulsions have been seen. 

«3 of 10 rats receiving 70 mg per kg had convulsions and died; the righting reflex was not depressed by 
smaller doses. 

4 No trace of exciting effect up to 10 mg per kg. 

¢ Convulsions rarely occur with fatal doses, never with recovery. 

4 Occasional twitching; rarely hyperirritability during recovery; no convulsions. 

* No excitement up to 20 mg per 

Three rats receiving 20 mg per kg ‘had convulsions and 2 died; smaller doses did not depress the righting 
reflex. 

* Up to 20 mg per kg no significant effect on respiratory rate or minute volume. 

i Convulsions infrequent with fatal doses. 

* M. E. D. 21.8; convulsions did not occur nor death until a dose of 35 mg per kg was reached. 

‘ With 20 mg per kg minute volume 80 percent of normal (average of 10 animals); with 40 mg per kg minute 
volume 110 percent of normal (reflex activity increased); doses less than 10 mg per kg had no significant 
effect on respiratory rate or minute volume. 
= No emetic effect up to 1.0 mg perkg. See reference (28) for emetic effect with repeated administration. 


If the phenolic hydroxyl of morphine and its isomers was covered 
with an ethyl or benzyl group instead of a methyl, the same change in 
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pharmacological activity was effected, toxicity and convulsant action 
were increased and the other effects were decreased (table 2). The 
low grade exciting effect in cats and the high doses required to depress 
the righting reflex in rats (sometimes closely approaching the fatal 
dose) were particularly striking. Generally speaking, the ethyl 
derivatives were more emetic than the methyl. 


(b) THE ALCOHOLIC ETHERS OF MORPHINE AND y-ISOMORPHINE TYPES 


The alkylation of the secondary alcoholic hydroxyl group present in 
the isomeric codeine types can be accomplished by protecting the 
tertiary nitrogen atom (conversion to the N-oxide) and subjecting the 
compound to the proionged alkylation treatment of Pschorr (24). 
Similarly, it is possible to etherify the alcoholic hydroxyl group alone 
in the isomeric morphine types by protecting both the phenolic 
hydroxyl and the tertiary nitrogen atom with groups which can later 
be removed (method of C. Mannich (25) see page 17). The codeine 


4 NCH 
vor" Nalti 
cH,0 0 H OCH; HO 0 H OCH, 
VIII. Codeine Methy] Ether. IX. Morphine Alcoholic Methyl 


Ether (Heterocodeine). 


alcoholic ethers are of the type VIII, the morphine alcoholic ethers 
(also named as heterocodeines) are of type IX. 


TABLE 3.—Substitution of the phenolic hydroxyl in alcoholic ethers of morphine 
and -tsomorphine types 





Con- 





Tox- | vul- prong Anal- | Exciting} Emetic ~~ 
icity | sant ps P gesia effect action ft y 
action ion effect 
111. Heterocodeine, _.-....------.---- 727 | 65 -% 0.487 10.327 2.40+7 0.0167 
85. Codeine methyl] ether__-__-..--_} 7160 141 12.0} 6.00} 6.00 S9.00+| 0.5 





*112. Dihydroheterocodeine____-_--__--- US | TZ. 1S 0.17 0.177 0.17+7 0.0197 
87. Tetrahydrothebaine_-_.....__---- / 117 | 105 | 12.4 1.16] 1.16 fi. 1+) /0.2 

















*303. y-[somorphine alcoholic methyl 
co a one cetan ssc -|6247 16247 |16.97 3.127 2.897 2.89+ 7 0.197 
91. Pseudocodeine methyl ether.....| /459 | /321 | 75.0 | /8.34| /16.6 | /8.34+| 74.42 

















In the alcoholic ether group (table 3) the methyl derivatives were 
not more toxic, but convulsant action is seen to be increased if one 
compares in each instance the percentage of the fatal dose with which 


44192°—38 


9 
4 
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convulsions occurred. The appearance of marked convulsant action 
with pseudocodeine methy] ether is especially noteworthy since almost 
all of the 8-carbon derivatives of the y-isomorphine type were nearly 
or entirely nonconvulsant. As in group (a) (tables 1 and 2), here again 
the other morphine-like effects were definitely decreased. 


(c) THE ALCOHOLIC ESTERS OF MORPHINE AND ITS ISOMERS 


The alcoholic hydroxy] group in codeine or dihydrocodeine, and their 
isomers, is easily esterified. For this purpose, the use of acetic anhy- 
dride in pyridine is most advantageous. For comparison with acetyl- 
codeine and its isomers, the monoacetylmorphines were prepared by 
acetylating both hydroxyl groups of morphine and its isomers, and 


ct, NCH; 
CH, CH, 
cH O7 4 OCOcH, HO Oo“ = OCOcH,; 
X. Acetyleodeine. XI. Monoacetylmorphine. 


subsequently hydrolyzing the phenolic acetyl group alone with cold 
hydroxylamine hydrochloride solution. 


TaBLE 4.—Substitution of the phenolic hydroxyl of alcoholic esters of morphine and 
its isomers (27) 




















Con- 
Tox- vul- General ;, | Exciting Emetic 
icity sant | depression Analgesia effect action 
action 
199. Monoacetylmorphine__________--- 2937 | 1807 . 0.187 0. 18 0. 18+ 
3606. Acetyicodeine®* .................- 99 VA) 18.0 A 9.03 7. 22 4. 51+ 
*129. Monoacetyldihydromorphine _---- 997 89/7 11.7 1.357 1.357 0.90 
367. Acetyldihydrocodeine** - - ._.--.-- SM SA 4 0 JA. 52 A 9.04 % 63+ 
*375. Monoacetyl-a-isomorphine** _-_-- 144 897 1.07 0.187 0.097 (2) 
*318. Acetylisocodeine**_..............- 112] /67 A 8.92 7%. 72 /2B (*) 
*376. Monoacetyl-8-isomorphine**_____- 3387 | 2707 120+ 7 22.57 27. A 9.007 
*368. Acetylallopseudocodeine** __----.- /429 | 322 Z 120+ J 0.0+ (¢) S20 
*377. Monoacetyl-y-isomorphine**___-- - 428 3427 22.0 2.707 1.807 4.5+/7 
389. Acetylpseudocodeine** - - ___._.--- 50 | 413 70. 0 410.0 4 (4) 738.0+ 























¢ Brief nausea in only 3 of 45 animals with doses of 0.05 to 1.0 mg per kg—once with 0.1, once with 0.5, and 
once with 1.0 mg. 
> Brief nausea in only 2 of 35 animals with doses of 0.5 to 5.0 mg per kg—once with 4.0 and once with 5.0 


mg. 
mein. 
The methylation of the alcoholic esters of morphine (table 4) and its 
isomers did not always increase toxicity or convulsant action. Un- 
fortunately the data for the other effects are not yet complete but it is 
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apparent from the figures available that the analgesic, exciting, and 
emetic actions were decreased in the methylated compounds. 


(d) THE DESOXYMORPHINES 


The desoxymorphines and desoxycodeines differ from morphine 
and codeine in empirical formula by an oxygen atom, i. e., in that the 


mar, NCH; 
cH, bus 
HO Vd HO .¢] 
XII. Desoxymorphine-C. XIII. Dihydrodesoxy- 
morphine-D. 


alcoholic hydroxyl group has been replaced by a hydrogen atom. 

There is, however, no member of the unhydrogenated series in which 

this is the sole change. Desoxymorphine-C and desoxycodeine-C 

are obtained by elimination of hydrogen chloride from chlorodihy- 

dromorphide or chlorodihydrocodide, and 

have a pseudocodeine type of structure ithe 

(XII) (16, 28). CHa 
This type of desoxymorphine derivative, 

because of the position of the double bond, 

undergoes normal hydrogenation only under 


special conditions, so that the preparation yo OH 
of the corresponding dihydrodesoxymor- yyy. a 
phine-D (‘‘Desomorphine”’) and dihydro- morphine. 


desoxycodeine-D (‘‘Desocodeine’’) is more 

easily accomplished starting from the halogenomorphides or halogen- 
ocodides (29, 30). The hydrogenation of these compounds, depend- 
ing upon the conditions, may proceed almost entirely in the direction 
of the desired dihydrodescxy derivatives, or may yield tetrahydro- 
desoxymorphine (XIV) or tetrahydrodesoxycodeine, which thus also 
are available for comparison of the effect of methylation. 
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TaBLE 5.—Substitution of the phenolic hydroxyl of the desoxrymorphine series 



































Con- . . 
Tox-| vul- ponent Anal- | Pxcit- | Emetic | Respira- 
icity | sant 4 gesia action 2 
action} S100 effect effect 
*68. Desoxymorphine-C____....------- _...-| 797 | 797 10.527 10.457 |0.457 10.90+/7 0.0167 
67. Desoxycodeine-C_.............----.--- J 110] AO) | 76.00} 1.00} 71.00 Z5.00+] 0.09 
*126. Dihydrodesoxymorphine-D__-_-_------- yA 1% 6.327 {0.087 {0.167 (0) / 0.012/ 
16. Dihydrodesoxycodeine-D___......----- 131 65 | 2.12] 1.96] 1.96 / 0. 65+ JO. 08 
*126. Dihydrodesoxymorphine-D - --__.-.--- 1047 |104/ {0.32 0. 08 0.167 (0) 7 0. y 
*312. Benzyldihydrodesoxymorphine-D**__.| 55 | /55 6. 36 1.59} 0.81 A 9. 90+ 0. 27 
*55. Tetrahydrodesoxymorphine- --_...-.--- 2217 yA 14.07 |0.62/ |1.86/ |6.204+/7 yi 
54. Tetrahydrodesoxycodeine - - -_-.-.-.--- / 133) /133| 35.4) 74.43] 6. 67 f 2 A+ (9 

















¢ With No. 68 reflexes are increased slightly and convulsions occur in some animals with fatal doses; 
with No. 67 reflexes are exaggerated and convulsions occur in all animals with fatal doses. 

> No emetic eflect up to 1.0 mg. per kg. See reference (28) for emetic effect with repeated doses. 

¢ Brief convulsive movements on stimulation with fatal doses. With No. 54 reflexes are exaggerated 
and convulsions occur spontaneously, as well as in response to stimulation, with fatal doses. 

4 Effective dose probably between 1.0 and 2.0 mg per kg. 

¢ Effective dose probably not less than 10.0 mg per kg. 

Again we find (table 5) the same modification of pharmacological 
action as in the previous groups, the only exception being the occur- 
rence of nausea with smaller doses in three instances of the codeine 
type of compound. 


(e) THE HALOGENOMORPHIDES 


The isomers, a- and £-chloromorphide, or their methyl ethers, a- 
and £#-chlorocodide, are obtained when any of the four isomeric 
morphines or codeines, respectively, are treated with phosphorus 
chlorides or thionyl chloride. The nature of the isomerism is still 
uncertain. In a-chloromorphide and a-chlorocodide, the halogen 
atom is known to be at the 6-position (3/), but its configuration, 
whether of the codeine or the isocodeine type, cannot be determined. 
In the 8-series, which may be prepared most easily by rearrangement 
of the a-series, the halogen atom is believed, without convincing 
evidence, to be at the 8-carbon atom (32). If this is correct, the 
6-derivatives are of the pseudocodeine or allopseudocodeine type, and 
may be expected to show, in comparison with the a-series, a pharma- 
cological action more closely resembling that of the y-isomorphine 
or pseudocodeine derivatives. 


NCH NCH 
ig i? 
CH2 CH. ow 





HO H Ci Ho 
XV. a-Chloromorphide. XVI. 8-Chloromorphide (?). 


Bromomorphide and bromocodide cannot be caused to undergo 
rearrangement, and on this account, as well as because of their be- 
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havior in reactions involving replacement of the halogen, are thought 
to be of the same structural type as the 6-chloro series (33, 34, 35). 

Chlorodihydro-morphide and -codide are most easily obtained by 
chlorination of dihydromorphine and dihydrocodeine. The halogen 
atom is certainly at the 6-position, but because of the possibility, or 
probability, of a Walden inversion during the chlorination, its con- 
figuration relative to that of the chlorine in a-chlorocodide is not known. 
By controlled hydrogenation of 8-chlorocodide, a B-chlorodihydrocodide 
has recently been obtained; its physiological action is not yet known. 

Chlorination of dihydroisocodeine does not succeed, and the 
dihydropseudocodeine and dihydroallopseudocodeine isomers both 
yield the same 8-chlorodihydrocodide, which is different from any of 
those so far mentioned (31). The nature of the isomerism is still 
under investigation. 


TABLE 6.—Substitution of the phenolic hydroxyl of the halogeno-morphides 























Con- . 
Toxic- | vul- Pom Anal- | Exciting Emetic — se 
ity Bol sion gesia effect action effect 
86. a-Chloromorphide____-___-- 367 yt 0.897 2. 687 0.897 0. 89+ 7 0.0427 
4. a-Chlorocodide_-__________- JB 127} 10.1 J10.1 /13.6 /10.1+ /1.2 
142. B-Chloromorphide______--- 2077 (*)7 | 3.347 4. y, 4 6.697 4. 68+ 7 
5. 6-Chlorocodide.-__.__--- | 340) 204 27.1 10.1 / 16.9 /6. 79+ 
63. Chlorodihydromorphide___| 27,/ 0.307 | 0.13 0.107 (*) 7 0.0127 
21. Chlorodihydrocodide_-___- SW 54 J 3. 59 0. 89 J 0.89 A 4. 45+ 70.08 
125. Bromomorphide-___------- 3037 | 3037 | 8.657 6.057 y bir Pas 1.73-+7 ()7 
124. Bromocodide-----.-------- 7/800! _/800 / 40.0 SD.0 J (4) J15.0+ J (*) 




















* More convulsant in rabbits than in mice. In the former the minimal convulsant dose was 134 mg per 
kg, 90 percent of the A. F. D.; in the latter it was 207 mg per kg. 

+ None with doses of 0.1 to 1.0 mg per kg. 

«3.0 mg per kg decreased the respiratory rate 

4 None up to 30.0 mg per kg. 

¢ No respiratory effect observed with 10 or 20 mg per kg. 


Among the halogeno derivatives summarized in table 6, the codides 
were less toxic than the morphides, but in spite of this, the incidence 
of convulsions in relation to fatal dose was greater with the codides. 
In other respects the usual picture of decreased activity when the 
phenolic hydroxyl is covered was apparent. 

To sum up the comparisons of section I (tables 1 to 6) toxicity is 
not uniformly affected but is usually increased, convulsant action is 
almost always increased, and all other effects are almost always 
decreased by muzzling the phenolic hydroxyl and the result is essen- 
tially the same regardless of the way in which other portions of the 
morphine molecule are modified. 


2. The Alcoholic Hydroxyl Group 
(a) CHANGES IN POSITION OR CONFIGURATION 


The secondary alcoholic hydroxyl group present in the naturally 
occurring drugs, morphine and codeine, is a point of exceptional 





14 STUDIES ON DRUG ADDICTION 


interest in the molecule because of the numerous transformations 
that it may undergo, and the profound change that is produced in 
physiological activity by even small changes. As has been mentioned 
above, three isomers of morphine and of codeine are known, differing 
from the parent alkaloids in the configuration and in the position of 
the hydroxyl group. Whereas a-isomorphine and isocodeine can be 
compared directly with morphine and codeine, respectively, for the 
physiological effect of changing the configuration of the alcoholic 
hydroxyl, in 6- and y-isomorphines, and in allopseudo- and pseudo- 
codeines, the factor of a new position of the double bond is introduced 
in addition to the shift of the hydroxyl group to the 8-position in two 
configurations. In the dihydro series the possible disturbing effect 
of this change in the position of the alicyclic double linkage no longer 
is present. A comparison of the effect of position and configuration 
analogous to that for the hydroxyl can also be made in the extensive 
series of alcoholic methyl and ethyl ethers of the morphine and codeine 
isomers and their dihydro derivatives that were prepared for this 
study (8). These alcoholic ethers, compared among themselves, 
yield additional information on the effect of configurational and 
positional isomerism, and, compared with the unalkylated hydroxy 
compounds, demonstrate the striking effect of covering the alcoholic 
hydroxyl. A similar effect, though less marked, is seen in a com- 
parison of the morphine or codeine series with the monoacetyl- 
morphines and acetylcodeines and their dihydro derivatives. 


TABLE 7.—Changes in configuration of the alcoholic hydroxyl (6-carbon) (2) 






































Con- 
—— vul- po nag Anal- rains —— — 
ty sant gesia effect action 
ection sion effect 
DIR on ck ccmd dnmctnw nmin 5317 | 5317 | 6.757 | 0.757 | 0.577 wrt wt 
236. atapmorphine..............-.-.- /890| A(*)| 22.2} 0.80} 0.89 0. 13 0.15 
37. Dihydromorphine. --___..-------- wy 4 (4117.77 10.27 | 1.777 0. 17 0.117 
*265. Dihydro-a-isomorphine---------- 890} /(*)| 22.2) 0.80) /0.80 0. 18 Z0.13 
ee ee ee timkuial 2417 | 1617 | 36.17 | 8.047 | 8.047 16.0+7 1.37 
Rincon encenanens | 589} 589) 58.9} 13.0} 413.0 7A (4) J1.5 
20. Dihydrocodeine_-___..._--..----- 2257 | 1687 we" 7. 207 6.457 3. 224+ 7 0.97 
51. Dihydroisocodeine__-__--__--.----- 4 £96) /(*) 29.8; 1.91] 0.98 /40.98+} 0.22 
111. Heterocodeine_.__...........___- | 727 | 657 | 1.407 | 0. yf O87 13 awe 0. 0167 
*302. a-Isomorphine alcoholic methyl] aes SW 7/0. 70 1.25] 0.50 0. 5+ 70.01 
ether. 
*112. Dihydroheterocodeine__________- 77 | 7171|1.707 | 0. 1 0.177 | 0. 4 Race, 
*315. Dihydro-a-isomorphine alcoholic} 245] 7245] 0.36 0.06} 0.05 Ti Dee 


methy] ether.** 
*296. Morphine alcoholicethylether_._| 1097 | 70/.| 0.54 0. 31 OS OR — 1inccecc.- 
% 47 /0.17 vit 70+ 








*313. a-Isomorphine alcoholic ethyl | 04] /66 Re JO FL Piscosccce 
ether.** 
*207. Dihydromorphine alcoholic ethyl] 
| See es eee 93/7 70 0. 47 4 OWE | agin tcl | Se anne Sere ae 
*314. Dihydro-a-isomorphine alcoholic | 54 41 / 0.27 0.08} 0.07 / 0. 08+} ....----- 




















ethyl] ether.** 








* Convulsions do not always occur with fatal doses. 
+ Convulsions infrequent with fatal doses. 
¢ Convulsions rarely occur with fatal doses, never with recovery. 


4 None with 6 to 16 ~~ per kg. 
« With fatal doses, twitching of muscles, slight increase in reflexes, but no convulsions. 
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TABLE 8.—Changes in configuration of the alcoholic hydroxyl (8-carbon) (36) 



































Con- 
Toxic- | vul- oe Anal- | Exciting) Emetic a a 
ity a sion gesia effect action effect 
140. 8-Isomorphine-.---..-....------- 3247 324 = 10.17 | 9.267 4.637 | 2.147 
141. y-Isomorphine___..........----- 7 2000+) 7 (*) 1338+) /7.09) /7.09 Z1.77| /2.36 
*266. Dihydro-8-isomorphine___-_---- 1527 152/ | 22.2/ 3.117 | 4.457 |0.89+7 | 0.26/ 
*158. Dihydro-y-isomorphine_-_-____._- 7 1687 | /(2) A 1338+ J 4.44 A 8.87 / 2.66) 1.45 
64. Allopseudocodeine-_-_......._-._- 267 178, 80.17 13.37 | 26.77 13. 3+ (4) 
3. Pseudocodeine.............----- Kren (4) 789.1 S17.8| /22.2 y 8 45 Va. 0 
*165. Dihydroallopseudocodeine------ 3927 3257 | 74.17 7.097 | 7.097% | 9.27+/7 2.0 
*99. Dihydropseudocodeine - __-____-_- S95 7 (4) 4110.2} (74.24, 16.9 73.39 % 0 








° Neither increase in reflexes nor convulsions have been seen. 
> Up to 30 mg per kg there is no significant effect on respiratory rate or tidal volume. 


Tables 7 and 8 each include four pairs of compounds in which the 
sole change is in the configuration of the alcoholic hydroxyl group. 
The data for these pairs show the most consistent changes in pharma- 
cological results. The shift always reduced toxicity and the convul- 
sant action of toxic doses; it also decreased depressant action in the 
rat.. The other effects were less uniformly modified. Table 7 also 
includes four pairs of compounds in which a muzzled hydroxyl under- 
goes the same configurational shift, for which the results were not 
uniform. In cats, the trend was toward greater activity in the 
a-type of compound as compared with its diastereomer, and in the 
y-type as compared with its diastereomer. The effect of the diastereo- 
mers on respiration often was not significantly different, and in some 
instances was less in a- or y-compounds. The intestinal activity of the 
dog was less affected by codeine or allopseudocodeine than by iso- 
codeine or pseudocodeine, respectively. On the other hand, the 
circulatory effect in both the dog and the cat was less with the a- and 
y-isomers, that is, the iso- and pseudo-series configuration (21, 37). 

Clinical studies which have been carried out with the most promising 
of the isomers and their dihydro derivatives will be described in the 
third paper of this series. 

There is at present no way to demonstrate the configuration of the 
alcoholic hydroxyl in any of the isomers, nor does their chemical be- 
havior give any hint as to which of the 6-hydroxy derivatives is 
spatially similar to which of the 8-hydroxy compounds. Pharma- 
cological similarities, however, quantitative as well as qualitative, 
indicate strongly that the spatial position of the hydroxyl (or ether 
group) relative to the plane of the nitrogen-containing ring is the same 
in the first member of each pair tn table 7 as in the first member of 
each pair in table 8. That is, morphine and codeine show many 
pharmacological resemblances to §-isomorphine and _ allopseudo- 
codeine, while a-isomorphine and isocodeine resemble y-isomorphine 
and pseudocodeine, respectively. 
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Although a comparison of diastereomers, as morphine with a-iso- 
morphine, or - with y-isomorphine, gives an idea of the pharmaco- 
logical result of configurational changes at C-6 or C-8, no conclusion 
can be drawn in this series from a comparison of 6-hydroxy and 
8-hydroxy derivatives, for the pharmacological picture is a resultant 
of a double change, positional and spatial. In order to determine the 
relative effectiveness of groups at C-6 and C-8, the asymmetry at 
these points must be destroyed. This condition is fulfilled in the 
morphine ketone types. While codeinone and pseudocodeinone, the 
oxidation products of the codeine-isocodeine and the pseudocodeine- 
allopseudocodeine pairs, respectively, have long been known, the for- 
mer is such a strong skin irritant (38) that its study was not under- 
taken. The pair introduce, moreover, the complication of the change 
in position of the double linkage. In the dihydroketone series these 





NCH, NCH 
CH 
“0 
HO 0 O HO 0 
XVII. Dihydromorphinone. XVIII. Dihydroisomorphinone. 


objections are eliminated. Dihydromorphinone, the keto analog of 
dihydromorphine and dihydro-a-isomorphine, is prepared by catalytic 
rearrangement of morphine (39), dihydrocodeinone by a similar 
rearrangement of codeine (40), or by hydrolysis of dihydrothebaine, 
the methyl enolate of dihydrocodeinone (41). The 8-keto series 
must be prepared from pseudocodeinone (from oxidation of pseudo- 
codeine) by hydrogenation under such conditions that the ether 
bridge remains undisturbed. The resulting dihydropseudocodeinone, 
in contrast to dihydrocodeinone, can be demethylated smoothly to the 
phenolic analog (15). 


TABLE 9.—Shift of effective group from C-6 to C-8 with elimination of spatial 
isomerism (42) 


























;,.| Con- | General err ~ ; Respira- 
—_ vulsant| depres- | Analgesia —— —— tory 
y action sion effect 
oe coon a 
123. Dihydromorphinone________- 847 677 | 0.887 0.177 0.17 0. 087 | 0.0117 
*267. Dihydroisomorphinone**..__| 210 / 210) 7 3.50) / 2. 00} / 1.00) 7 2. 50} J (a) 
154. Dihydrocodeinone.__________| | 


86/ | 47/| 42 1.287 | 0.86% | 256+ 0.087 
*242. Dihydropseudocodeinone**._| 169) (169) {6.91 8. 47) J 8.47 ve Shy 
, | } | | 


| 
| 





* Less than 1.0 mg per kg. 
+ Probably more than 10.0 mg per kg. 
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Both of the 8-keto derivatives (table 9) were much less effective 
than the 6-keto isomers, which, other variations in the molecule being 
eliminated, is definite confirmation of the same difference in kind 
that may be derived from a comparison of tables 7 and 8. One con- 
cludes that positional isomerism has a more profound effect on the 
pharmacological activity of morphine derivatives than has con- 
figurational isomerism. (Cf. previous discussions of this question 
(18, 37).) 

(b) MUZZLING THE ALCOHOLIC HYDROXYL 


The alkylation of the alcoholic hydroxyl group in such sensitive 
substances as the members of the morphine group necessitates pro- 
longed treatment in alkaline solution with alkyl halides or sulfates. 
Unless phenolic and basic nitrogen groups are protected, their alkyla- 
tion is inevitable. This difficulty was solved by C. Mannich (25), 
through the device of covering the phenolic hydroxyl with a methoxy- 
methyl group (a benzyl group can also be used), and converting the 
tertiary nitrogen atom to the oxide. At the end of the alkylation, 
treatment of the product with sulfurous acid, or with hydrochloric 
acid and a mild reducing agent, suffices to regenerate the phenolic 
group and the tertiary nitrogen. (See also reference (43).) In outline, 
the procedure is as follows: 


H O H 
. / ll a 
Ta —5 sissies ies — 
OH OH 
O H H 
a 2 : fr 
CH,OCH.0O—(—N—CH;) ——~ HO—(—N—CH;) 
OCH; OCH; 


By this method, a number of hitherto unknown alcoholic ethers of 
morphine have been prepared, for the study of the effect of covering 
the alcoholic hydroxyl, and the influence of the covering group upon 
the resultant phenomena (8). It should be noted that the alkyl ethers 
are hydrolyzed (in vitro at least) with extreme difficulty, in comparison 
with those derivatives shown in table 12, in which the covering group 
is acetyl. 
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TABLE 10.—Methyl substitution of the alcoholic hydrozyl 





Con- 















































Tox- vul- yang Anal- | Exciting} Emetic — 
icity - sion gesia effect action effect 

SS a eee 5317 | 531 6. 75 0. 75 0.577 0. y.4 0.1 

111. Heterocodeine-.-.......-....----- fi2 65 1. 40 0.48; 0.32 2. 40+ 0. 016 
37. Dihydromorphine..-...-..-.--- 1334 | (9/117.77 10.2/ 11.777 | 0. yt 0.1 
“112. Dihydroheterocodeine--_-.-_..--.- Jiti ft 41.70} £0.17) 0.17 0. 17+ 0. 019 
236. a-Isomorphine........-..--.---- 8907 | ¢ y 4 22.27 | 0.807 | 0.897 0.137 0.157 
*302. — alcoholic methyl 7 130 90 /0.70| 1.25} (0.50; /0.50+} /0.01 
ether. 
*265. Dihydro-a-isomorphine-_-__-....-- 890 (9 22. 2 0. 80 0. 80 | eg acme 
*315. Dihydro-a-isomorphine alco- y* y* %K 36 y¢ 06) yf 05 - a a 
holic methy] ether**. 
ee ae 2000+-7 | (4 ap 7. % 7. 6 77 2.367 
*303. a alcoholic methyl 76% 624 16.9 3. 12, 2. 89 / 289+} /0.19 
ether**. 

Oe Ce ae 241/ | 1617 | 36.1 8. 04 8.044 |16.0+/7 1.3/7 
85. Codeine methy] ether. -..-....- Keo a1 a, 0 % 00} +=—(/6.00 79.00+] /0.5 
20. Dihydrocodeine--_-.........-.-- 2257 | 1687 | 14.17 | 7.207 | 6.457 |3.22+ 0.9 
87. Dihydrocodeine methy] ether- -- /il7| 105) 12.4) 1.16) 1.16 7. 76+ 0.2 

2. Paiineedene........ .. 2... s..200-5< 1780, (4) 89.1 17.8 22. 2 4.45 48.0 
91. Pseudocodeine methy] ether-.-- Mex fay yA 0 y 4 34 yA 6 8. 34+ yf 42 





* Convulsions infrequent with fatal doses. 
+ Convulsions do not always occur with fatal doses. 
« Convulsions rarely occur with fatal doses, never with recovery. 
4 Neither increase in reflexes nor convulsions have been seen. 


TABLE 11.—Ethyl and phenyl substitution of the alcoholic hydrozyl 


















































Con: . 
General : ; Respira- 
Toxicity vul- depres- Anal- | Exciting] Emetic tory 
= sion gesia effect action effect 
Ta OS NSE ern 5317 5317 a 4 0.757 ee 0. 227 0. 15 
*296. Morphine alcoholic ethy] ether- 7/109 J 10 0. 54 J09.31 0.23) 3/0. 23+ 0. 011 
37. Dihydromorphine---_-..-..-_-- 1337 (a) / ay ey 12s 1 C7Z 0. 11 
*297. Dihydromorphine alcoholic AJ Ji0 0. 47 70.23) = =(/0.15} 0. 15+ 0.011 
ethy] ether. 
236. a-Isomorphine.........-..-..- 890 yA 22.27 ay 100 420: . -1...-..-..-. 
°313. —- alcoholic ethyl 94 66] 0.47 Jem feta f1.16%1...<<3... 
ether**. 
*265. Dihydro-a-isomorphine..____- 8907 ()/f =x. 0.807 | 0.80 i) ieee: Sean 
*314. Dihydro-a-isomorphine alco- J 04 fA 0. 27 7 0.08 0.07} /0.08+)|......._. 
holic ethyl ether**. 
141. y-Isomorphine___.._......---- 2000+ 7 (4) 7 1133+ 7.097 ey TEES | 4s cones 
#304. —- alcoholic ethyl / 1000 (*) 100+} 14.6) cS ae 
ether**. 
3. Peendocodeine................ | a 4 WO Nh bh cade ccciwc cs RE Se [eva eee ER LD 
246. Pseudocodeine pheny! — a Nie cb) IES MARCIE RE Es SRS SS 





¢ Convulsions infrequent with fatal doses. 
* Convulsions do not always occur with fatal doses. 


¢ Convulsions rarely occur with fatal doses, never with recovery. 


¢ Neither increase in reflexes nor convulsions have been seen. 
¢« Muscular twitching, slight increase in reflexes but no convulsions. 
‘None up to 18.0 mg per kg. 
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TaBLE 12.—Acetyl substitution of the alcoholic hydroryl 
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Con : 
_ | General Excit- : Respira- 
Toxicity pane depres- | Analgesia] ing —— tory 
action| ‘10D effect effect 

ee 5317 % 6.75% 10.75% 0.577 | 0. v4 0.157 

199. Monoacetylmorphine-----_.-.- 7S 293 180} 0.90} 0.18 J. 18 0.18+] 0.019 
37. Dihydromorphine-.-.--......--- 1337 | (%)7 [17.7 0.267 LF ? Ot 0.117 
*129. Monoacetyldihydromorphine__- S9 89 1a fide /1.35 / 0.90 J 0.073 
236. a-Isomorphine____.........----- 8907 | (*) 7 122.27 10. % 0.897 Oot « tokackeass 
*375. Monoacety]-a-isomorphine*®* - - - / 144 89} 1.35 0.18 A 0. 09 Yi, Ps, Seen S 
140. 6-Isomorphine_-___....-..------- 3247 | 3247 we, 10.1 9. 267 MOEA Wack sas 
*376. Monoacety!-8-isomorphine’**-__- 7 338} 270 120+ 22. 5 fu FEOF Wesinianamn 
141. y-Isomorphine-__.........-.----- 2000+- (4)7 |133+/7 [7.09 7.09 he i 
*377. Monoacetyl-y-isomorphine** - _ - Vows JA 22.5 % 70 1. 80 WA 50+-]....-.--. 

Oo ee eee % 1617 |36.17 {8.047 ROOF TIO. | Lisascsccs 

366. Acetylcodeine®*._............-- 99} /60} 18.0} 79.03 1.2 PED siccccaxe 
20. Dihydrocodeine--_...........-- 225, 168 nie mm O457 13.9947 fi... nnccs 
367. Acetyldihydrocodeine**--____._- 91 91 27.1 4. 52 7/29. Pe) | eee 
ee ar 589 5897 158.97 13.07 13.07 SY a See 
°318. Acetylisocodeine**__........._-- yf /67) £8.92} 3.72 S28 a Die 
51. Dihydroisocodeine._.-..........] 896/ | (%)7 |29.8/ {1.91 0967. 10-0647 — f......... 
390. Acetyldihydroisocodeine** Ze / i14 67 | /6.72 1.34 41.00 x oy a 
64. Allopseudocodeine____...-....-- 7% 1787 7 3.3 26.77 |13.3+/7 =a 
368. Acetylallopseudocodeine**______ 429) 322 120+ 50.0+] /(*) re as 
*165. Dihydroallopseudocodeine___...| 392 3257 |74.1 7.097 097% |9.27+/7 ex 
°369. ——rrrr 543) 754 120+} 36.2 J (4) Si. ie 
eine** 

3. Pseudocodeine___-.......-....-- 17%, % 89. 1 17.87 22.27 4.457 e Aes 
389. Acetylpseudocodeine*®--__..___- 750 413 70.0} 10.0 A () Po. 3, eee 
*99. Dihydropseudocodeine--_-_____- 975 (4) 110.27 |4.24/ 16.97 1 Te ye eres 

*319. Acetyldihydropseudocodeine’** - 8 638} 60 7 8.00 77.00 Ps a ee 























¢ Convulsions infrequent with fatal doses. 
»’ Convulsions do not always occur with fatal doses. 
¢ Brief nausea in only 3 of 45 animals with doses of 0.05 to 1.0 mg per kg—once with 0.1, once with 0.5, 
and once with 1.0 mg. 
4 Neither increase in popes 4 a? convulsions have been seen. 
« None with 6 to 16 mg per k 
J Brief nausea in only 2 of 35 Fentmels with doses of 0.5 to 5.0 mg per kg—once with 4.0, and once witb 


Ey 


5.0 m 
¢ With fatal doses twitching of muscles, slight increase in reflexes but no convulsions. 
» No apparent exciting effect up to 50.0 mg per kg. 
* None up to 40.0 mg per kg. 
i None up to 15.0 mg per kg. 


A study of tables 10 and 11 shows that muzzling the alcoholic 





hydroxy] with a methyl or ethyl group, like muzzling of the phenolic 
hydroxyl, increased toxicity and convulsant action and usually 
decreased emetic effect. But, unlike muzzling of the phenolic hy- 
droxyl, depressant, analgesic, and exciting effects were increased also, 
sometimes very markedly. The data in regard to respiratory effect 
are incomplete but the figures available indicate an increase in effec- 
tiveness here also, or no difference, in the muzzled compound. 

If an acetyl group was used to cover the alcoholic hydroxyl (table 
12) the effect was less regular but the usual picture was, again, in- 
creased toxicity and convulsant action, and often increased activity 
in other respects. It is possible that the irregularity in the activity 
of the acetylated compounds may be in part explained by the greater 
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ease with which the acetyl group is removed as compared with 
methyl or ethyl, so that in the body the substance may have been 
acting partly as the parent substance with free hydroxyl. 


(c) REPLACEMENT OF THE SECONDARY ALCOHOLIC GROUP BY KETONIC 
OXYGEN 


Dihydromorphinone and dihydrocodeinone differ structurally from 
the pairs dihydromorphine-dihydro-a-isomorphine and dihydroco- 
deine-dihydroisocodeine, respectively, only in carrying a ketone group 
at C-6 in piace of the secondary alcoholic group, and a similar rela- 
tionship exists between dihydroisomorphinone and dihydropseudo- 
codeinone and the pairs dihydro-§-isomorphine-dihydro-y-isomor- 
phine and dihydroallopseudocodeine-dihydropseudocodeine. 

In the nuclear alkylated morphine series, which will be discussed 
in more detail in a later paragraph, one more set of ketones is avail- 
able for comparison with the alcohols, and shows in even more marked 
degree the physiological effect of the change. 


TABLE 13.—Keto substitution of the alcoholic hydroxyl 



























































Con- , 
Toxic-| vul- pn Anal- | Exciting) Emetic —* 
ity | sant i. gesia | effect action saat 
action 
37. Dihydromorphine----.-..----_-- 1337 | ()/7 ue ¢ 0.26/ | 1.77 0.17 0.11 
123. Dihydromorphinone--_-----._--_-- J/84 |) (67 0.88} 0.17) 0.17 0.08 0.011 
*265, Dihydro-a-isomorphine___...._.- s/f | 7 | 22.27 10.807 | 0.807 | 0.18 0.13/ 
123. Dihydromorphinone__._.........| 84 Wa / 0.88} 0.17] 0.17 0. 08 ye 
*266. Dihydro-§-isomorphine___.......} 152 152/ | 22.2/f 13.117 |4.45/ |0.89+-/7 0. 26 
*267. Dihydroisomorphinone**_---_-- - 210] 210) 3.50} 2.00} (1.00 7 2.50 (ec) 
*158. Dihydro-y-isomorphine____-___-_- 1687 (7 ww. 4.44/ | 8.87 2. 667 1. 45 
*267. Dihydroisomorphinone**-_-.-_-- 210} 210 3.50) 2.00} 1.00 7 2.50 (e) 
20. Dihydrocodeine............-- _..| 2257 | 1687 | 14.1 7. 20 6.45/ |3.224+/ 0.9 
154. Dihydrocodeinone-_----..-..-.--- A 86 47 4. 20 1.28] (0.86 J 2. 56+ 0. 08 
51. Dihydroisocodeine...............| 896/ | 7 | 29.87 | 1.917 |0.98/ |o.98+/ | 0.227 
154. Dihydrocodeinone_.......-..-.-.| /86] /47| 74.20] "/1.28] 0.86] 72.564! 10.08 
*165. Dihydroallopseudocodeine___.._- 392/ | 325/ | 74.17 17.097 | 7.09% l9274+7 | 20/7 
*242. Dihydropseudocodeinone**___--- 169 169 16.9} /8.47| 8.47 78.47 Si 
*99. Dihydropseudocodeine-_____.__- 975 (4) 110.27 4.247 16.97 3.397 49.07 vi 
*242. Dihydropseudocodeinone**__-____ S 169 169} 16.9} 8.47) (8.47 18.47 VAD) 
*399. Methyldihydromorphine**______ 4917 | @ 70.07 | 3.567 | 8.917 0.897 0.2 
*359. Methyldihydromorphinone**____|_ 25 25 73.0 /0.07| 0.10 J 0.07 f 4 011 
*358, Methyldihydrocodeine**________ 36/1 7 |. 25.8/ | ®/ | 8.96/ @/ 
*357. Methyldihydrocodeinone**__.-.-| 55 | 50 |_...___-. 1.00 2. 00 70.80 /9.3 




















« Convulsions infrequent with fatal doses. 

+ Convulsions rarely occur with fatal doses, never with recovery. 

¢ Less than 1.0 mg per kg. 

¢ Neither increase in reflexes nor convulsion have been seen. 

« With fatal doses twitching of muscle, slight increase in reflexes but no convulsions. 
4 Probably more than 10.0 mg per kg. 

* No apparent convulsant action. 

+ None up to 30.0 mg per kg. 

* None up to 10.0 mg per kg. 
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(d) REPLACEMENT OF THE ALCOHOLIC HYDROXYL BY HYDROGEN 


In further pursuance of the physiological significance of the alcoholic 
hydroxyl, the result of replacement by hydrogen has been studied. 
For comparison with morphine and codeine themselves, no unhydro- 
genated desoxy derivatives are known. In desoxymorphine-C 
(formula XII) and its methyl ether, desoxycodeine-C, we have two 
compounds that represent 8- or y-isomorphine and allopseudocodeine 
or pseudocodeine, respectively, in which hydrogen has been substituted 
for the alcoholic hydroxyl. 

In the dihydrogenated series the difficulty concerning the double 
linkage disappears, and dihydrodesoxymorphine-D (formula XIII) 
and its methyl ether, dihydrodesoxycodeine-D, are comparable with 
all the hydroxy analogs, the four dihydrogenated isomeric morphines 
and codeines respectively. 

Two additional comparisons of action between similarly related 
compounds in the tetrahydro series may be made, namely tetrahydro- 
y-isomorphine and tetrahydropseudocodeine (formula VI, R=H, 
R=CH,;), in which the ether oxygen ring has been opened, with the 
analogous types, tetrahydrodesoxymorphine (XIV) and its methyl 
ether, tetrahydrodesoxycodeine (table 14). 


(e) REPLACEMENT OF THE ALCOHOLIC HYDROXYL BY HALOGEN 


The substitution of halogen for the alcoholic hydroxyl group yields 
a series of compounds of considerable interest from the standpoint of 
physiological action. It is unfortunate that the location of the 
halogen atom (at C-6) is known with certainty (see page 12) only in 
the derivatives of the a-series, that is a-chloromorphide, a-chlorocodide, 
and their dihydro derivatives, and even in this series there seems to be 
no way to determine whether the halogen has the codeine or the 
isocodeine configuration. 


(f) REPLACEMENT OF THE ALCOHOLIC HYDROXYL BY BASIC GROUPS 


Replacement of the alcoholic hydroxyl group by radicals of a basic 
nature is of interest chiefly because it constitutes the most notable 
exception to the general rule that covering or replacing the hydroxyl 
results in a drug of increased activity. It should be noted that the 
introduction of basic groups at other points in the molecule (2-(?) 
aminomorphine) likewise resulted in a great diminution of physiologi- 
cal effects. ‘The aminomorphides and aminocodides are formed when 
the halogenomorphides or halogenocodides are treated with amines. 
As in hydrolysis or alcoholysis, substitution of halogen by basic groups 
may involve an a, y-shift, or Walden inversion, or both transfor- 
mations. From a-chloromorphide or a-chlorocodide, substituted 
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amino derivatives belonging to the 8-series are obtained exclusively 
From the f-chloro series, or the bromo 
series, substituted 6-amino derivatives alone are formed (17). The 
substitution products derived from ammonia have only recently been 
prepared (26), and have not been studied pharmacologically. 


(configuration unknown). 


TABLE 14.—Replacement of the alcoholic hydrozyl by hydrogen 













































































Tox- vn yee Anal- = Emetic — 
icity =. acm gesia effect action effect 
140. 8-Isomorphine-----...-.--------- 3247 | 324 74.07 10. 1 9. 26, 4.637 ai 
*68. Dessapeagntas scmintt eemeetd Jig 79 A 0. 52 y 4 45) 70.45 Jo. 0. 016 
141. y-Isomorphine_-_-._......------- 2000+ 7 | (*)7 1133+ 7.097 | 7.09 1.77 2. 367 
*68. Desoxymorphine-C______.__...-- J9| /79 Ve se 0.45) 0. 45 TK 4 7 0.016 
64. Allopseudocodeine---_____-__---- 2677 | 17874 | 80.17 {13.37 126.77 |13. ii ()7 
67. Desoxycodeine-C__...........--- Jig) /4(9 76.00} 1.00} 1.00 5.00+} //0.09 
3. Pseudocodeine............---..-- 1780/7 | (*)7 | 89.14% {17.87 [22.27 4.457 48.07 

67. Desoxycodeine-C___..........--- J 110) /(*) 6.00} 1.00) 1.00 75.00+) /0. 

37. Dihydromorphine- ----._...-.--- 133 (4) 17.7 0.267 [1.77 0. 17 0.117 
*126. Dihydrodesoxymorphine-D-_-__... yo 104 Ke 32} 0.08 0. 16 (4) 79.012 
*265. Dihydro-a-isomorphine-.__------ 890 OVA 2/7 {0.80 0.804 0.187 13/7 
*126. Dihydrodesoxymorphine-D-___-. on /104| 0.32 % 08) + /0. 16 79 70.012 
*266. Dihydro-8-isomorphine-.--_------ 152/ | 1527 2/ i211 4.45 0. 89+- 267 
*126. Dihydrodesoxymorphine-D - - --- / 104} 104) 9.32 Ke 0. 16 Wh / 0.012 
*158. Dihydro-y-isomorphine---.-_-.--- wy 4 (*)7 |1338+7 |4. % 8. 87 2. 667 
*126. Dihydrodesoxymorphine-D-.--..- 104 1 / 0.32 0. 08 0. 16 JA) 0. 012 

20. Dihydrocodeine-_-_.-..........---- 2257 | 1687 | 14.1 7.207 (6.457 |3. 22+ 0.9 

16. Dihydrodesoxycodeine-D-_----.-- /i3l] JS 2.12} 1.96} 1.96 vom 08 

51. Dihydroisocodeine- --.........-.- 8967 | ( %s 29.8 1. yA 0. 98 0. 98-+- 7 0.227 

16. Dihydrodesoxycodeine-D-__---.-- J 1381 65 2. 12 1, 96 1. 96 /0.65+| 0.08 
*165. Dihydroallopseudocodeine.......| 3927 yA 74.1 7.09 7. 09 9.27+7 2.07 

16. Dihydrodesoxycodeine-D-_-----_-_- J 131 65 2.12 1. 96 1. 96 40. 65+] 0.08 

*99. Dihydropseudocodeine---_-_-.__- 97574 | (*)7 |110.24 [4.247 116.97 “A 49. 0 

16. Dihydrodesoxycodeine-D__-_--_-_. 4/131) /65 {212} 1.96] 1.96 7 0. 65+ %. 

*308. Tetrahydro-y-isomorphine___-__- 2677 | (*) / {8.90 17.87 | ie SAE ES 
*55. Tetrahydrodesoxymorphine_ -._- / 221 Ky 7 14.08 v4 62 1 ae 
169. Tetrahydroallopseudocodeine-.-_- ee do Re. ee ee ee) bee eee 

54. Tetrahydrodesoxycodeine - --__-- oC eS Pee Seat ena aee Cea eenae 

} 
69. Tetrahydropseudocodeine ------- | 4177 | (*)7 11004+-7 [26.7 (4) 7.87 (i) 7 
54. Tetrahydrodesoxycodeine- ___._. | 138 Nas 735. 48 LK 43] 6.67 J2214+) /(*) 





* Neither increase in reflexes nor convulsions have been seen. 
* Up to 30.0 mg per kg there is no significant effect on respiratory rate or tidal volume. 
¢ Reflexes are exaggerated and convulsions occur in all animals with fatal doses. 
¢ Convulsions infrequent with fatal doses. 
« No emetic effect up to 1.0 mg per kg. 

4 Convulsions rarely occur with fatal doses, never with recovery. 


¢ With fatal doses twitching of muscles, slight 


4 Brief convulsive movements on stimulation with fatal doses. 
* None up to 30.0 mg per kg. 
} No effect on respiratory rate up to 75.0 mg per kg. 

+ Effective dose probably not less than 10.0 mg per kg. 


increase in reflexes but no convulsions. 
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TABLE 15.—Replacement of the alcoholic hydroxyl by halogen 

































































Con- 
General Respira- 
: 1- Anal- | Exciting) Emetic 
Toxicity} Y"" | depres- ; tory 
sant gesia effect action 
action| Sion effect 
eee 5317 | 5317 | 6.757 | 0.757 | 0.577 | 0.22/ | 0.157 
86. e-Chioromarphids Me acawarssas y/4 /18 70.89 yf 68} 70.89 /0.89+| 0.042 
236. a-Isomorphine___......-...---- 8907 | (4) 22.27 | 0. % 0.897 0.137 0. 15 
86. a-Chloromorphide------..-.--- A 3% 18 70.89 2.68} 0.89 A 0. 89+ 0. 042 
140. 8-Isomorphine..__.....-..-_--- 3247 | 3247 | 74.0 10. 9. 267 (| Soi Deane 
142. 8-Chloromorphide-----..--.--- S27) 7(*) % a Ass / 6. 69 / 4. 68+}... ---- 
141. +-Isomorphine................- 2000+- (9) 7 1133+ 7.09 i Se 
142. 8-Chloromorphide-.-.-...----- Voor (>) thal” 4. 68 % 69 t+ eee 
37. Dihydromorphine__--_-___--_.-- wr, 4 (4) we 0.267 | 1.77 0.17 0. 11 
63. Chlorodihydromorphide- ---._- 27 18 30} 70. 13 0. 10 (*) 0. 012 
*265. Dihydro-e-isomorphine-_...-- wy, {/) 22. A 0. 80 0.807 0.187 0.137 
63. ee cae 27 18 0. 30 0.13} 0.10 J (9 / 0.012 
el aoe ree 2417 | 1617 8. 04 8.04/ |16.0+/7 1.37 
4. mila basslotins as ace rabste aa J 25} 127 wat 1 10.1 J 13.6 /10.1 Bae 
36. Isocodeine..................... 589 589 / 13.0 13.07 (9) 1.5 
4. a-Chlorocodide----.-.--------- eas /127 we 0. 1! /13.6 out 1.3 
64. Allopseudocodeine.-_.-_-...-.-- 27/ | 1787 | 80.17% | 13.37 | 26.77 |13.34+/7 (7 
5. B-Chlorocodide--_-........-.--- J 40) 4204 27.1] 10.1 ey 9 /6.79+|) A() 
3. Pseudocodeine............----- wy, (97 | 89.17 ay, A 22.27 4.457 48.07 
5. B-Chlorocodide --..._....-..--- 340) 204) 27.1 10.1 / 16.9 A 6. 79+ SW) 
20. Dihydrocodeine-_._--.-------- 2257 | 168/ | 14.17 | 7.2/7 | 6. y 3.22+/7 0.97 
21. Chlorodihydrocodide-_--.-_..-_- S90 | 754 / 8.59} 0.89} 0.89 4 4.45+| 0.08 
51. Dihydroisocodeine_._........-- ~~ (‘) 29.87 11.917 | 0.987 {0.98+ ws 0. 22 
21. Chlorodihydrocodide-_-___...-- 90 54 / 3.59} 70.89} 0.89 4. 45+ 0.08 
RR ee ee 531 531 6.757 0.757 0.577 22/7 0.157 
125. Bromomorphide**-_-_..-...---- 608 3608 18. ol / 6.05) 7.78 wr. 1.73+| /(*) 
Bo esac luc dan cu 2417 | 1617 ay 8.047 aby 16. 0+ 1.3 
IM. eremouedwe*.... 5.25. <. 7800) 7800 40.0} (20.0 (4 15.0+ (™) 








2 Convulsions do not always occur with fatal doses. 
+ Convulsive movements with fatal doses in mice; convulsions with 90 percent of fatal dose (134 mg per 
kg) in rabbits. 
¢ Neither increase in reflexes nor convulsions have been seen. 
4 Convulsions infrequent with fatal doses. 
« None with doses of 0.1 to 1.0 mg per kg. 
4 Convulsions rarely occur with fatal doses, never with recovery. 
* None with 6 to 16 mg per kg. 
bP to 30 mg per kg there is no significant efisct on respiratory rate or tidal volume. 
« Like allopseudocodeine, no depressant effect on respiratory activity. 
i With fatal doses twitching of muscles, slight increase in reflexes but no convulsions. 
* 3.0 mg per kg decreased the respiratory rate. 
' None up to 30.0 mg per kg. 
™ Norespiratory effect ceaxved with 10 or 20 mg per kg. 


TABLE 16.—Replacement of the alcoholic hydroxyl by basic groups 









































Con- 
Anal- | Exciting | Emetic 
Toxicity —- gesia effect action 
CE A ee ee ee eee 5317 yA 0.757 0.577 wer, | 
"B00. O-PIPSTIGOMONPNING”*...... 52a cn cccecnsccccwess 7 550 550 79.00 78.00 8. 00 
ay 5) SII. kein cnapccadcasanarcsndcnne 133 (*) 0. 26 Ry 0.1 
*361. 6-Piperidodihydromorphide**.__............._-- 275 (°) Ms. 0 yA 0 v4 0 
CO et a ace 3247 324 10.17 9. 26 4.637 
*363. 8-Piperidomorphide**.__............-..-..------ Z 1000 My 7 30.0 (¢) 7 %.0 
Oe ee re 3247 3247 a, A 9.267 4.637 
364. 8-Diethylaminomorphide**...................-- 7 300 7 400 10.0 7 (*) 410.0 
64. Allopseudocodeine....................--.-..---- 2677 ye, 13.37 2.77 | 13.34+/7 
We, BPI OOO ooo oon nn ne cece neee ccs 7 551 551 A + A (4) / 40.0 
64. Allopseudocodeine.-...............------------- 267 178 13.3 26.77 | 13.3+ 
365. 8-Diethylaminocodide**...................---.-- hos 292 54 0 A (9 yA 0 
* Convulsions infrequent with fatal doses. ¢ Not typically exciting (see text). 


> No increase in reflexes or convulsions. 4 None up to 50.0 mg per kg. 
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With one exception, replacement of the secondary alcoholic group by 
ketonic oxygen (table 13) increased toxicity; also the keto derivatives 
were the more convulsant. Other effects, except emetic action, were al- 
mostalwaysincreased. But, although theintensity of action wasnotably 
increased, itisimportant to note that the duration of effect was decreased 
(an outstanding exception will be discussed later), and it has been dem- 
onstrated clinically that the addiction property is still present (No. 123, 
Dilaudid, and No. 154, Dicodid) to an undesirable degree (44). 

Substitution of hydrogen for the alcoholic hydroxyl (table 14) had the 
most marked and most consistent effect upon pharmacological action of 
any of thechemical changes describedsofar. ‘Toxicity was definitely and 
often markedly increased ;convulsant action was usually increased. De- 
pressant, excitant, analgesic, and respiratory effects were very markedly 
increased, while the emetic effect of the hydrogen substituted compounds 
wasirregular. Aswith the keto derivatives, coincident with the increased 
activity of the members of the group, the duration of action was de- 
creased. Theaction of the most promising compound of the series, dihy- 
drodesoxymorphine-D, has been studied in several clinics (45, 46) and 
will be considered in detail in the third paper of this series. 

Replacement of the alcoholic hydroxyl by halogen (table 15) almost 
always increased toxicity and convulsant action. Bromocodide was a 
striking exception, since it was much less convulsant than codeine. 
This suggests the possibility that we were dealing with a bromo deriva- 
tive of the pseudocodeine (or isocodeine) type. The other effects of 
the halogen derivatives were usually increased but there were excep- 
tions for which no explanation can be offered at the present time. It 
is perhaps significant that the analgesic and exciting effects of a-chloro- 
morphide, of a-chlorocodide, of bromomorphide, and of bromocodide 
were in each instance less than the corresponding effects of morphine 
and codeine, respectively. 

Not only were toxicity, convulsant action, and other morphine-like 
effects decreased in the aminomorphides and aminocodides (table 16), 
but there was a qualitative difference in the picture which these sub- 
stances produced when administered to cats. Typical morphine-like 
excitement did not occur, except possibly to a very slight extent with 
Nos. 360 and 361. Instead, especially with Nos. 363, 364, and 365, 
there was marked incoordination, trembling that was exaggerated on 
handling, and convulsive movements or generalized clonic convulsions. 
The heart rate nevertheless was increased moderately and the pupils 
were dilated. The incoordination and convulsant action were like 
those seen with simpler piperidino compounds, piperidino-ethanol and 
3-(2-piperidino-1-hydroxy-ethyl) phenanthrene, for example (47). 

The effect of changes in the alcoholic hydroxyl may be summarized 
as follows: Most substitutions, ketonic oxygen, hydrogen, halogen, or 
covering with methyl, ethyl, and acetyl groups, tended to increase 
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toxicity and convulsant action and to increase other morphine-like 
effects as well. The most regular in effect was hydrogen substitution, 
the least regular were acetylation and substitution by halogen. In 
marked contrast was the decrease in effect, and the qualitative change 
in the picture, when the alcoholic hydroxyl was replaced by a basic 
group. It may be inferred from the results obtained with the isomeric 
dihydroketones, that a shift of the alcoholic hydroxyl group from the 
6- to the 8-carbon had a much more profound effect than spatial 
isomerism upon pharmacological action. 


3. The Ether Oxygen Bridge 


The five-membered oxygen-containing ring present in the morphine 
alkaloids forms part of a partially hydrogenated phenanthrylene oxide 
system, or, as far as the immediately adjacent rings are concerned, of 
a partially hydrogenated dibenzofuran system. Contrary to the chem- 
ical inactivity to be expected of the ether oxygen in a dibenzofuran 
or tetrahydrodibenzofuran grouping, the ether ring of the morphine 
group is opened by reductive processes with extreme ease whenever a 
double linkage is present in the 6, 7-position (i. e. “conjugated”’ with 
the ether oxygen), or in certain other examples where halogen or ke- 
tonic oxygen is attached to the 6-carbon atom (48, 49). The com- 
pounds resulting from this type of reduction have a new phenolic 
hydroxyl group at the 4-position and necessarily contain two or four 
more hydrogen atoms than the starting material. Comparisons of the 
physiological effect of opening the ether ring by addition of hydrogen 
at oxygen and C-5, without the complication of saturating a double 
bond, are interesting. 


TABLE 17.—Opening of the ether oxygen bridge 


















































Con- . F 
Toxic- | vul- | General | anay. | Excit-| emetic | Respira- 
ity sant — gesia — “y j action ny 
action — sa onlec 
*126. Dihydrodesoxymorphine-D___. 1047 | 104/ | 0.327 0.08 0.167 (%)7 0.0127 
*55. Tetrahydrodesoxymorphine__- 7221 /(°) J 14.0 0.62} 1.86 A 6. 20+ 4K) 
16. Dihydrodesoxycodeine-D 1317 | 667 12127 yr? 1.967 10. wi & 0. 08 
54. Tetrahydrodesoxycodeine _--__- / 133) 138 J 35.4 4.43) 6. 67 21+ J (4) 
*99. Dihydropseudocodeine 9757 | (97 1110.27 [4.247 116.97 3. Sy, 3 eA 
69. Tetrahydropseudocodeine-- S417) AC} =7100+} 26.7) /(/) P's | ae 
*165. Dihydroallopseudocodeine -| 392 aaH/, UE EY in ea Re) SROs 
169. Tetrahydroallopseudocodeine____- A425) bg ES ES RS ES EES! | EERE N A Pe patos 
*158. Dihydro-y-isomorphine____.______} aay) 4 -| (*)7 | 138-47 4.447 18.877 | ae eee 
*308. Tetrahydro-y-isomorphine_______- | Va »)| /80+ | 8.90} 17.8) rt.) ae 
154. Dihydrocodeinone_________- eee ay pe i ees SRE: ies Sais ees 
130. Dihydrothebainone**__.__________ ES eae ees PRS Saas 





2 No emetic effect up to 1.0 mg per kg. 

> Brief convulsive movements on stimulation with fatal doses. 
¢ Effective dose probably between 1.0 and 2.0 mg per kg. 

4 Effective dose probably not less than 10.0 mg per kg. 

¢ Neither increase in reflexes nor convulsions have been seen. 
4 None up to 30.0 mg per kg. 


Comparisons in this group, however (table 17), must be made with 


caution because of the other changes which have been effected in the 
44192°—38_—3 
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morphine molecule to any or all of which the difference may be due. 
In particular, the rupture of the oxygen-C-5 linkage may have influ- 
enced the activity of peripheral functional groups (hydroxyl, ketone) 
in ring III. Such a possible influence is eliminated in the derivatives 
of the desoxy series, which carry no groups in this ring. The general 
trend was in the direction of decreased toxicity and decreased activ- 
ity in the compound with the ether bridge opened. It is surprising, 
in view of other results, that the introduction of a new phenolic 
hydroxyl did not have just the opposite effect, especially that it did 
not increase emetic action. 


4. The Alicyclic Unsaturated Linkages 


In discussing the effect of saturation of the alicyclic double linkage 
in the morphine group, a distinction must be drawn according to the 
location of the double linkage. In unsaturated members of the series 
that are of the type of morphine itself, the unsaturation lies in the 
8, y-position to the alcoholic hydroxyl group, i. e., these may be re- 
garded as analogs of allyl alcohol. The chemical effect of the double 
bond upon such substituents as hydroxyl and halogen so located with 
reference to the double bond is to cause a considerable activation, and 
it might be predicted that physiological effects due to the hydroxyl 
group, for example, would be greater in the unsaturated series than in 
the corresponding hydrogenated derivatives. The alcoholic hy- 
droxyl group, however, as shown above, exerts in general an inhibiting 
effect, and therefore, in the saturated derivatives, this inhibiting effect 
should in general be reduced.; Similar considerations hold for the 
double linkage in the 6, 7-position, that is in compounds of the pseudo- 
codeine or y-isomorphine types. In the 6, 7-unsaturated series, 
moreover, there is unquestionably a mutual] influence between the 
ether-linked oxygen and the double linkage, as has already been men- 
tioned for reductive processes, and as is further evident in other types 
of addition reactions (15, 34, 50). Beyond the influence which the 
unsaturation may have upon groups in its immediate vicinity, it may 
be expected that some change in physiological action will be observed 
as a result of the saturation of the bond itself. Only with desoxy- 
morphine-C and desoxycodeine-C, where ring III carries no sub- 
stituent, can this effect be dissociated from that due to possible acti- 
vation of adjacent groups (except the ether oxygen). 

Two 6, 7-unsaturated derivatives that may be included in this 
series differ from the simple unsaturated derivatives in that the un- 
saturation is one resulting from enolization. Such enol ethers or 
enol esters undergo hydrolysis with great ease in comparison with 
their hydrogenated analogs, and a comparison of action must be made 
with caution, for the activity measured for the unhydrogenated deriva- 
tive may be actually that of the hydrolysis product. 
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TABLE 18.—Saturation of the 7, 8-double bond 


27 

























































































Con- re! : : 
eneral Excit- : Respira- 
Toxicity = depres- ond ing a tery 
action sion effect effect 

Di RBI i 8-5 oe eee 531 5317 |6.757 |0.75/7 0. 577 0. 227 0.157 

37. Dihydromorphine-------------- 133} /(9)| /17.7| /0.% | 71.77) /0.17 70.11 
305. Benzylmorphine**____.___..---- 35/4 | 357 | (7 17.87 7.877 8. 74 (*) 
*306. Benzyldihydromorphine**____-- 135) £35) (9% 1, 40 faw 1.74 Yo 
111. Heterocodeine................-- 72 657 |1.40 0.487 0. 32 2. we 0.0167 
*112. Dihydroheterocodeine------.--- 71 71 1.70] 0.17 /0.17 0.17+) /0. 019 
*296. Morphine alcoholic ethy] ether-- 1097 | 70/7 10.547 10.317 237 |0.23+/7 0.0117 
*297. Dihydromorphine alcoholic /93| 470) /0.47| 0.23 / 0.15 /0.15+} /0.011 
ethyl ether. 
199. Monoacetylmorphine. _______.-- 293 1807 |0.90 0.187 0.187 |0.18+/7 0.0197 
*129. Monoacetyldihydromorphine-.-- 99 | 89 11.7] 1.35 J 1.35 J 0.90 / 0. 072 
127. Diacetylmorphine______._._...- 2627 | 1967 {1.107 {0.43 0.407 (4) 7 0. 0157 
128. Diacetyldihydromorphine- --_-- VA bt) 119} 79.10 1. 82 40.90 J 1. 82 _ 70.125 
86. a-Chloromorphide____...-..._-- 36/7 | 18/7 0.897 12.68 0.897 10. apf 0. 0427 
63. Chlorodihydromorphide-.--.--.- f2z)\ 418} /0.30 0.13 /0.10 (*) / 0. 012 
*360. 6-Piperidomorphide**_____.__-- Bi0Y 1 6607 I........ 9. 007 8.007 8. y¥ i ae 
*361. 6-Piperidodihydromorphide** _- Pi) aaa 25.0 7 50.0 an ee 
49. Pseudomorphine**___--._--..-- 2004-7 |, (7 }---.---- (%)7 OF jG — 1......... 
*65. Tetrahydropseudomorphine**__ 7 100 (| SSS /40.0+} A() ri) | el 
236. a-Isomorphine..............---- 8907 | (4) 7 {22.2 0. 80 0. 897 0. 13 0.157 
*265. Dihydro-a-isomorphine_-_..._.-- J 890 (4) 22. 2 0. 80 40. 80 0. 18 /0.13 
*302. a-Isomorphine alcoholic methy] eas ie a 
S| ECL ET ELST, 1307 | 90/7 10.707 1.257 0.507 1050+ |-...-..- 
*315. Dihydro-a-isomorphine alco- J 245] 245] 70.36] 70. 06 40.05 rt: | ie 
holic methy] ether.** 
*313. a-Isomorphine alcoholic ethyl 
eae Se y 4 667 |0. 47 0. 25 0.177 j1. we per A 
*314. Dihydro-a-isomorphine alco- 54] /41 0. 27 0. 08 A 0.07 064)... ..-..- 
holic ethy] ether**. 

D; SING ohn oe ns nbs ccc aets eens 21 161/ {36.1 8.047 8.047 16. oe: 1.3/7 
20. Dihydrocodeine--.............- 225} 168 14.1} 7.20 A. 45 3.22+) /0.9 
85. Codeine methyl ether_____._-_- yw! 1417 {12.07 |6.007 6. y < 9. 00+ 7 0.57 
87. Dihydrocodeine methy] ether--- 117 105) 12.4) 1.16 1. 16 /1.76+| 0.2 

366. Acetylcodeine**._.............. 7 ~ 18.07 19.03/ 17.227 |4.51¢7 |... 
367. Acetyldihydrocodeine**__...... 91 91 27.0) 74.52 AJ 9. 04 Ge .,. 
ON a a a ae ~~ 5897 {58.97% |13.0/ | % 1.5/7 
51. Dihydroisocodeine.............-. 896} /(™)} 29.8} 1.91 0. 98 0.98+] 0.22 
*300. Ethyl-a-isomorphine**________- 7% OA) (7 5.007 (°)7 i i Se ae 
*301. Ethyldihydro-a-isomorphine** - 331} /(?)}| 47.3} 2.83 A 2.83 - i See 
318. Acetylisocodeine**___......____- 1127 | 67/7 |8.927 wt 2. 23 Ae DS 
390. Acetyldihydroisocodeine**._.__- J i\14| 67] 6.72 1. 34 1. 00 Pi. | ee 

4. a-Chlorocodide. -............... ™% 1277 |10.1 10.1 13.67 |10.1+ ays 
21. Chlorodihydrocodide- -........- 90 | /54 3. 59 0. 89 7 0.89 4.45+ / 0. 08 

320. Hydroxycodeinone**___...._..- 237 yA 30+ 4. 68/7 ()7 10.85+ (") 

322. Dihydrohydroxycodeinone**_. JAB 426 1.34] 1.34 7 0.89 0. 89+ 0.10 
195, Se oo sete 94 2: 0 >| ESS Sees Spee ae ee 
130. Dihydrothebainone**__________- 161 SS ee ee NESSIE ¢ 





« Convulsions infrequent with fatal doses. 
Aan a receiving 20 mg per kg had convulsions and two died; smaller doses did not depress the 
righting reflex. 
eM. E. D. 21.8; convulsions did not occur nor death until a dose of 35 mg per kg was reached. 
4 None with doses of 0.3 to 2.0 mg per kg. 
¢ None with doses of 0.1 to 1.0 mg per kg. 
J No increase in reflexes or convulsions. 
¢ None up to 50.0 mg per kg intramuscularly or 500.0 mg per kg orally. 
4 Convulsions did not occur, but in three instances a late increase in reflexes was seen. 
« None up to 40.0 mg per kg. 
i Convulsions do not always occur with fatal doses. 
* Convulsions rarely occur with fatal doses, never with recovery. 
4 None with 6 to 16 mg per kg. 
™ With fatal doses twitching of muscles, slight increase in reflexes but no convulsions. 
» Three of ten animals receiving 70.0 mg per kg had convulsions and died, the righting reflex was not de- 
pressed by smaller doses. 


¢ No trace of exciting effect u 


to 10.0 mg per kg. 


» Occasional twitching; rarely hyperirritability during recovery; no convulsions. 

« No exciting effect with 0.7 to 3.0 mg per kg; convulsions occurred with 5.5, 6.0, and 7.0 mg per kg. 

* No decrease in respiratory activity with 0.1 to 3.0 mg per kg; reflex activity increased at the higher dose. 

« Up to 20 mg per kg no significant effect on respiratory rate or minute volume. 

‘ With 20 mg per kg minute volu‘ne 80 per cent of normal (average of 10 animals); with 40 mg per kg minute 
volume 110 per cent of normal (reflex activity increased); doses less than 10 mg per kg had no significant 
effect on respiratory rate or minute volume. 
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TABLE 19.—Saturation of the 6, 7-double bond 







































































































































Con- ; . 
General Excit- : Respira- 
Toxicity pin depres- —_ ing —_ tory 
action sion = effect effect 
140. B-Isomorphine._.__-_.....-.--- | 347 | 3047| 74.07 10.17 |9.27 | 4.637 | 214/ 
*266. Dihydro-§-isomorphine-.------- | /152 | 152) (722.2 | 73.11) 774. 45) /0.89+| 0.26 
142. 6-Chloromorphide (?)___. -...- 77 | (7 (3347 (4687 6.697 alt a eee 
63. Chlorodihydromorphide-..----- Ju J 18 /0.30 | 0.13} 0.10 YS 4 I ee ses 
141. y-Isomorphine____-_----------- 12000+-/7 | (¢)/7 |1388+7 |7.097 |7.097 1.77 | 2.367 
*158. Dihydro-7y-isomorphine- --- -- -- / 1687| 7(*) /188+| 74.44) 8.87 7 2. 66 J 1.45 
*68. Desoxymorphine-C ........-.| 797 | 79/7 |0.52/ 0.457 (0.457 |0.90+/ — (0.0167 
*126. Dihydrodesoxymorphine-D - - -| 104 | 7104) 70.32 | 70.08) 70. 16 vio | /0. 012 
64. Allopseudocodeine-_--_----- 2677 | 1787 80.17% 13.37 ‘|26. Pi /13. 3+ 7 | ¢ (7 
*165. Dihydroallopseudocodeine | J 392 | Bonus f/14.1} 7.09} 7.09 J9. 2+ _ 72 0 
368. ee —__--| 429/ | 322/ |1200+/7 |S0+/7 | ()/ ha ens 
*369. Acetyldihy droallopseudoco- / 943 | 7643 .. / 3.2) (9) Ck ee Sa 
deine**. | ay 
3. Pseudocodeine..........-| 17807 | (9/ j22.2/ | 4. 5/ | 48.0/ 
*99. Dihydropseudocodeine - ---_- | was 1; A(%) was 110. 2" et 24) 716.9! 73.39 _ _ £49. 0 
*298. Ethyl-y-isomorphine**_____.- 577_| ()7 |100+7 _— |10. $4 a ( yy [1.797 
*299. Ethyldihydro - y - isomor- | 75200 J (9) yn 20.0 Pa Veo. 
phine**. fee iT ae 
389. Acetylpseudocodeine**_____- | 750 4137 | 70.07 110. 0 ()7 | 8. 0+, SS eee 
*319. Acetyldihydropseudocodeine**-| 850 a / 60.0 8. 00) 77 7. 00) "Aap CS 
67. Desoxycodeine-C__________- ay (*) ie 007 1.007 |1.00/ |5.00+/7 | 0. 097 
16. Dihydrodesoxycodeine-D___-___| J 131 Ai3i | 65 | j212 / 1. 96} J 1. 96) A 0. 68 B+| 70.08 
5. B-Chlorocodide (?)____ ____- ~ 3407 24/ | 27.1% |10.1/7 116.97 6. 79+ 7 & ny 
21. Chiorodihydrocodide----___--- S90 J 5A 7 59 | 70.89} 70. 89) A445 + / 0.08 
371. Diapdpoendsinene enol ace- | ae = | 
oriecoans, See | gif | 65/7/6327 11.357 \0.90/ 127. ot ee 
367. asemiaiipabiinicias™ ieeseies V4) | VALS FEE 0 | 74.52) 79. 04) Zi 3. 63+ |. = 
97. Dihydrothebaine**__.______ 6/ | 71/7 \.. 2.617 |2617 |. 70+7 | 0.57 
87. Tetrahydrothebaine_-_________- J ANT | / 105) RT | £1.16) 1.16 /i.+| /0.2 
« Convulsive movements with fatal doses in mice; convulsions with 90 percent of the fatal dose (134 mg 
per kg) in rabbits. 
> None with doses of 0.1 to 1.0 mg per kg. 
¢ Neither increase in reflexes nor convulsions have been seen. 
4 No emetic effect up to 1.0 mg per kg. 
¢ Up to 30.0 mg per kg there is no significant effect on respiratory rate or tidal volume. 
4 No apparent exciting effect up to 50.0 mg per kg. 
¢ None up to 40.0 mg per kg. 
4 No excitement up to 20.0 mg per kg. 
* None up to 15.0 mg per kg. 
i Reflexes are exaggerated and convulsions occur in @]] animals with fatal doses. 
* No depressant effect on respiratory activity. 
TABLE 20.—Incidence of variation in effect with hydrogenation 
Effect Effect | Effect 
increased | decreased unchanged | No data 
Saturation of 7, 8-double bond 
oie ats Lekesnbecewcncun en 12 4 | 5 | 
Convulsant action --___-..._-_-__-- 2 6(6) @7(15) 8 | aye! 
Depressant effect........_.__.____.- 8 4 | 4 | 5 
BR aie pubs een ncacutenns cee 14 3. | 2 | 2 
eres a 12 6 1 | 2 
dl er ee acolo mach oan cama 11 | 3 | 5 | 2 
EE Sn nee it ee a 7 2 3 | 9 
Saturation of 6, 7-double bond 
ee is aie mann asinnee masks aekeanenoseeseees | i oi 4 2 | sete ank 
RT ee eee ree a ee 2 4(2)| «6(6) (| ns 
ESERIES RS ee re eer ae eee | 5 1 3 4 
Rs inh oe ce hnnanaseaecooaes aeeeensabent | 10 | B ase 1 
| AS Ee eee VSS ee 8 | 1 3 | l 
Emetic action......_.__.__-- RASS Dil vas eee 5 f 1 | 1 
Respiratory effect. ..__.-.-- VSS ee ee 5 ( 3 | 5 





* The first figure is derived from a direct comparison of minimal convulsant doses, the figure in parentheses 


from a comparison of the relation of the convulsant to the fatal dose. 
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The effect of saturation by hydrogenation either of the 6, 7- or of 
the 7, 8-double bond (tables 18, 19, and 20) tended toward decreased 
convulsant action and increased activity in other respects, particu- 
larly analgesic effect, but there were so many exceptions that one is 
forced to conclude that in a specific instance the effect would be 
unpredictable. The results do not fall into line any better if the 
grouping is on the basis of the presence of a free alcoholic hydroxyl, 
the activity of which, as explained above, might be influenced by the 
removal of the double bond. 


5. The Influence of Nuclear Substituents 


In considering the result of substitution of new groups into the 
morphine nucleus, a distinction must be drawn between those deriva- 
tives in which the substitution is in the aromatic nucleus, and those 
in which substitution has been made in the alicyclic portion of the 
molecule. Only a few compounds of either type are known. By 
the action of chlorine and bromine, chloro- and bromo-morphine and 


cH 
-— 


425 


CHO 0 0 





XIX. Hydroxycodeinone. XX. Dihydrohydroxycodeine. 


-codeine are obtained, in which the halogen atom occupies the 1- 
position in the aromatic nucleus (61). An aminomorphine is also 
known, which is prepared by reduction of the nitrosomorphine that 
results from treatment of morphine with nitrogen oxides. The amino 
group is believed to be in the 2-position (62). The relationship of 
aminomorphine to aminocodeine (from reduction of nitrocodeine) has 
not been established. In addition to these aromatic substitution pro- 
ducts, there exist the acetocodeine types and the sulfonic acids, whose 
structure and physiological action will be considered in later papers. 

Among the morphine derivatives carrying new substituents in 
the hydro-aromatic portion of the nucleus, the compounds derived 
from hydroxycodeinone are most easily accessible. Hydroxyco- 
deinone results from the action of hydrogen peroxide on thebaine 
(53). The reaction is believed to involve a 1, 4-addition of hydrogen 
peroxide to the system of unsaturated linkages, followed by loss of 
methanol (54). Evidence for the location of the hydroxyl group on 
C-14 is not very satisfactory. 

Hydroxycodeinone is an exceedingly disagreeable skin irritant (65), 
but on hydrogenation of the 7, 8-double bond this property disappears. 
The product, dihydrohydroxycodeinone, in the form of its salts, is 
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the narcotic Eukodal (66). By reduction of the ketonic group of 
hydroxycodeinone (metal combinations), 14-hydroxycodeine is ob- 
tained. It is not known whether this product is of the codeine or 
the isocodeine type. 14-Hydroxycodeine gives on catalytic reduc- 
tion dihydrohydroxycodeine-A, an isomer of the dihydrohydroxy- 
codeines-B and -C which result from reduction of the ketonic group 
of dihydrohydroxycodeinone with metal combinations (57). 

The reaction of thebaine with bromine appears to take a course 
parallel to that with hydrogen peroxide, and results in 14-bromoco- 
deinone (54, 58). 

Another type of nuclear substituted morphine derivative has 
recently been prepared in our laboratories through the application 
of the Grignard reaction to the enol ethers or enol esters of the dihydro- 
ketones of the morphine series. An alkyl group is introduced at 
C-5 or C-7, through a 1, 2- or 1, 4-addition of the organomagnesium 
halide, and the oxide ring is opened, with simultaneous hydrolysis 
at the enol ether or ester group (59). The resulting alkylated phenolic 


NCH, 
CH, 


‘o 





HO cH, 


XXI. Probable structures for methyldihydromorphinone. 


ketones can be converted back to the true morphine types through 
closure of the 4, 5-oxide ring by the method of Schépf (60, 61, 62). 

The position of the alkyl group in the methyldihydrocodeinone 
and isomethyldihydrocodeinone so obtained is not certain. By 
demethylation of methyldihydrocodeinone, a nuclear methylated 
analog of dihydromorphinone is formed, or by reduction of the ketonic 
oxygen, methylated analogs of dihydrocodeine and dihydromorphine 
may be obtained. The demethylation of derivatives of the iso series 
has not yet been accomplished. 


TABLE 21.—Nuclear substitution in the aromatic ring 





























. Convul- : Exciting Emetic 
Toxicity | sant action | ADaleesia effect action 

CO one eee nree 531 5317 0.757 0. 577 0. 22 
66. Aminomorphine**_................-.- ye 4 (4) J wA.1 7/8. 04 % 1 

ON ENS ee ee ee eee 241 161 8. 04 8. 04 16.0+ 
139. Chlorocodeine**___.............._.-.- Xe 7 yA 0 , @ he 0 

ee eaeen 2417 1617 8. 04 8. 04 16. 0+ 
138. Bromocodeine** ___..................- /20 / 2 Xs 0 ya he. 0 





* Slight exaggeration of reflexes but no convulsions; usually very persistent depression. 


In the cat convulsions occurred with 20 mg per kg of either chlorocodeine or bromocodeine, but there 
was no morphine-like excitement. Cats were killed by 20 mg per kg of bromocodeine. 
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TABLE 22.—Hydroryl substitution in the alicyclic portion of the nucleus 




































































Con-} Gen- 
Tox- be eral | Anal- — Emetic — 
icity <6 depres- | gesia effect action pron 4 
tion | Sion 
154. Dihydrocodeinone._-.-..-....------- Os 47/ |4.27 if y 2 0. % 2. ws 0. 08 
320. Hydroxycodeinone**_-__..........--- 23 A 28 | 430+ 4. 68 (4) 0. 85+ (*) 
154. Dihydrocodeinone-.........---.----- 86 47/7 4.2 1. 28 0.864 |2.56+ 0. 08, 
322. Dihydrohydroxycodeinone**--_.-..-. ya A 426) e, ¢ 34 x 34) 0.89 4 89+ %K 10 
154. Dihydrocodeinone....--.-.--.------- 86/ | 47 4 11. ~ 0.86/ |2.56+/ |0.08/ 
321. Acetylhydroxycodeinone**--__.....-- f 127 91 1.81 | 2.72) 0.90 (272+) /0.27 
20. Dibydrocodeine-.....---.-.--------- 225 / 1 36 iz. % 6. Ve 3. apf 0% 
*323. Dihydrohydroxycodeine-A**__--.-.. 7 950 (¢) 100 50+ (4) () 7.71 
2. Dihydrocsodeine.....................- Ms 168/, we, 7.20/ 6. y, 4 3. wy! es 
*324. Dihydrohydroxycodeine-B**_____._- 650 (/) 13.0} 72.50} 2.50 20.0 0. 37 
20. Dihydrocodeine-_-...................- 2257 687 we be y. 6.457 |3.22+/7 0.9,7 
*370. Dihydrohydroxycodeine-C**___....- Af 915 A 575) 20. 0 2.00) (2.00 71.00 A 0. 75 
51. Dihydroisocodeine-........-...------- yf oy, w* 1. % 0. 987 . a 0. y, 4 
*323. Dihydrohydroxycodeine-A**_-__.--.- 950 (¢) 100. 0 50+) (4) (*) 7.71 
51. Dihydroisocodeine._-.......-...-...- 8967 (9) 7 129.87 11.917 (0.987 {0.98+ 0. 

*324. Dihydrohydroxycodeine-B**.__._._- //650 Xo ‘43.0 | 72.50) 72. 80 4 0 0.37 
51. Dihydroisocodeine._......-.-...-.--- £967 (°) Z 129.8 i. y 0. y. ( 10. wap: # 0. y, 4 
*370. Dihydrohydroxycodeine-C**___....-. 7 575 J 518) 20.0 2. 00 2. 00) 1.00 0.75 
367. Acetyldihydrocodeine**__........-.- 91/ 1917 po. yf 4.52/ 9. OY 3. wee ae 
*391. Diacetyldihydrohydroxycodeine-B**| /599 A 458 14.1 3. 52) 3. 52) 2. 80-F].......- 
367. Acetyldihydrocodeine**__.........-- 91F 917 o,f 4.527 9. vi 3. apf ane 
*392. Diacetyldihydrohydroxycodeine-C** | 1000+! //560 5.64] /1.41 1.41 al SES 
390. Acetyldihydroisocodeine**____.__. -..1147 67/7 16.727 {1.347 |. yt 2. yf ES ae 
*391. Diacetyldihydrohydroxycodeine-B** | 599 4 /i4.1 | 73.52 3. 52 BOP ln ccc 
390. Acetyldihydroisocodeine**____...___- 1147 67/7 6.72 1, y, 2 OGY FSOEY isco. 
*392. Diacetyldihydrohydroxycodeine-C ** | 1000+| //560 5. 64 1.41) 1.41 fh es 
Rs INI io is cece wnenedes's 317 es ee 4, vf 4.367 10. * ey araieneies 
31. Bromococeinone**__........-----.--- 76 Pte? 1.00} 1. 00) a aes 








* No exciting effect with 0.5 to 7.0 mg per kg; convulsions occurred with 5.5, 6.0 and 7.0 mg per kg. 
> No decrease in respiratory activity with 0.1 to 3.0 mg per kg; reflex activity increased at the higher dose. 
¢ Occasionally spasmodic movements with practically no increase in reflexes and no generalized convul- 


sions. 


4 None up to 50.0 mg per kg. 


* None up to 50.0 mg 
/ Very slight increase 


_ = 
n reflexes but no convulsions. 


¢ With fatal doses twitching of muscles, slight increase in reflexes, but no convulsions. 
4 None up to 20.0 mg per kg. 
* None with 0.5 and 1.0 mg per kg. 
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TABLE 23.—Alkyl substitution in the alicyclic portion of the nucleus 





























Con- 
- | General Excit- 
Tox- Anal- Emetic | Respira- 
icity - —” gesia at. action | tory effect 
tion 
37. Dihydromorphine-.-..-.-..------ 1337 | (9)/ | 17.7 wef 1.7 0.17 0.11 
*399. Methyldihydromorphine**..----- 491) /(°) 70. 0 3. 56 8.91 0.89 1.7 
20. Pisinettee UP ee eee ree 225 | 6 7. 20 6.45 3. 22+ 0. 9, 
#358. Methyldihydrocodeine** - ------- Ko | "ss (4) yt 96 (*) 
123. Dieydnemen eee 84/7 | 67 wt 0.17 0.17 0. 08 0. » 
*359. Methyldihydromorphinone**..-- 25 25 3. 00 0.07 0. 10 0.07 0. 012 
123. Dihydromorphinone-.---.-.-.---.--- 84 67 1.77 0. 17, 0. 17 0. 08 0. 011 
*413. Ethyldihydromorphinone**- ---- Me, yA 2.01 0. 17 0. 09 % 17 0. 021 
123. Dihydromorphinone..------.----- 84/7 | 67 1.77 0. 17 0. 17, 0. 08 0. ef 
*419. Isopropyldihydromorphinone**..| /17 13 2. 25 1.33 0. 26 1.80 0. 10 
123. Dihydromorphinone-----.-...--- 84 67 1.77 0. 17 0. 17 a ( 0. wf 
*423. Amyldihydromorphinone** - --.- 11 5 0. 22 0. 36 0. 04 0. 36 0. 0036 
154. Dihydrocodeinone............-.- 86 % 8. 42, 1.287 | 0.86 ont 0.087 
*357. Methyldihydrocodeinone**----_-- 55 50 8.00} 1.00 2. 00 0. 80 /0.3 
371. Dihydrocodeinoneenolacetate**.| 81 65, ne 1.35 a, ¢ 1. a 0.11 
*400. Methyldihydrocodeinone enol 45 45 15.0 1. 50 2. 00 2. 00+ 0. 073 
acetate**. 


























* Convulsions infrequent with fatal doses. 
+ No apparent convulsant action. 

« No increase in reflexes or convulsions. 

4 None up to 30.0 mg per kg. 

« None up to 10.0 mg per kg. 


It is convenient to consider together, in spite of chemical dissimi- 
larities, the effects of nuclear substitutions (tables 21, 22, and 23). 
The decrease in activity with the introduction of a new substituent 
in the aromatic nucleus was very clear (table 21). The effect of the 
substitution of an hydroxyl, presumably into position-14 of the mole- 
cule, seemed also to be in the direction of decreased activity. In the 
third series, the nuclear alkylated derivatives, however, the effect may 
be either a decrease or an increase, a phenomenon for which we have 
no explanation at present. It can scarcely be due to unexpected 
structural rearrangements taking place during the interconversions of 
the members of the series, for these conversions are carried out under 
extremely gentle conditions. The one exception, the demethylation 
of methyldihydrocodeinone to methyldihydromorphinone, can be 
reversed with diazomethane, showing that no structural change has 
taken place. 

Before leaving the question of nuclear substitutions there are three 
special cases worthy of note. First, the toxicity of bromocodeinone, 
without great activity in other respects was remarkable. The fatal 
dose was the same, 6 mg per kg, for mice, rabbits, and cats, and death 
in each instance occurred very promptly, usually immediately follow- 
ing a tonic convulsion. 

Second, the isomeric relationship of the three dihydrohydroxy- 
codeines (Nos. 323, 324, and 370) is not known, but on the basis of the 





fi 
‘ 





=—S © @ &— vA 











CHEMISTRY AND PHARMACOLOGY OF MORPHINE SERIES 33 


pharmacological effects it appears that -B and -C are probably the 
normal products corresponding to the dihydrocodeine-dihydroiso- 
codeine pair and that the -A isomer has resulted from an abnormai 
reaction, perhaps involving a rearrangement. The difference between 
the -A and the other two isomers, however, was very much greater 
than one would expect from such a rearrangement as the shift of an 
hydroxyl to the 8-carbon (pseudocodeine type). 

Of the third and new group of nuclear substitutions, the most active 
member, methyldihydromorphinone, is being subjected to clinical 
trial. This substance differed most notably from other morphine 
derivatives in which analgesia and other activity have been consider- 
ably increased, dihydromorphinone and dihydrodesoxymorphine-D 
for example, in that coincident with greater effectiveness there was 
not a shortening of the duration of action. The analgesic action of 
methyldihydromorphinone lasted approximately the same length of 
time as that of an equally effective dose of morphine itself. In ad- 
dition, doses up to 7 mg, total subcutaneously in man, have shown no 
trace of emetic action nor of an effect on respiration. Work with the 
substance is being continued to establish definitely the minimal effec- 
tive dosage in man for analgesia and cough relief, and the exact re- 
lationship between the duration of analgesic action and of dependence 
satisfaction. 

This group also includes some very striking examples of dissociation 
of the morphine-like properties. Note, for example, that in amyldi- 
hydromorphinone in comparison with dihydromorphinone analgesic 
effect has been decreased, but depressant, exciting, and respiratory 
effects have been increased. In the other alkyl derivatives of dihydro- 
morphinone the quantitative changes in these effects are quite different. 


6. The Change From Tertiary to Quaternary Nitrogen 


Morphine and codeine, and the numerous derivatives of the mor- 
phine group, add alkyl halides readily at the tertiary nitrogen atom 
to form quaternary alkylates. Compounds of this type have occa- 
sionally been recommended for medical use, as for example codeine 
methobromide (‘‘Eucodin’’). In the present studies only two such 
derivatives have been investigated. The pharmacological action of 
other types of morphine derivatives in which the function of nitrogen 
has been changed, as the N-oxides, the normorphine and N-alkylnor- 
morphine series, and the morphimethines, will be discussed in a later 
paper. 
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TABLE 24.—Change from tertiary to quaternary nitrogen (63) 





Toxic-| vul- | eral | Anal- Emetic roo 
ity sant | depres-| gesia effect action effect 





























pe eae cea 531 5317 {6.75 0. 75 0. 57 0. 22 0. 15 
39. Morphine methochloride----...-.--- en J y "4 7 y4 7 %. 1 % 1 (0) 

DR see eek ie syencicnanase 2417 1617 ww, 4 8. yt 8. 04 16. 0+ us 
27. Codeine methochloride_-__-..--..--- 7 1000 | 71000 100 125 (e) 125 (4) 





¢No apparent increase in reflexes; twitching and spasmodic movements unrelated to stimulation 


> Minimal effective dose not determined, but much less effective than morphine as a respiratory depres- 
t 


sant. 
« None up to 150.0 mg per kg. ‘ 
4 Minimal effective dose not determined, but much less effective than codeine as a respiratory depres- 


sant. 


When the change was made from tertiary to quaternary nitrogen in 
the morphine molecule, in the two instances studied at least, the useful 
morphine-like effects were very markedly decreased, suggesting the 
importance of the nitrogen in the reactivity of morphine (or codeine) 
in the tissues. Like other quaternary bases, morphine methochloride 
and codeine methochloride exhibited in frogs definite curare-like action 


(63). 
Conclusions 

1. Muzzling the phenolic hydroxyl of morphine with methyl, 
ethyl, or benzyl groups sometimes increased toxicity but almost al- 
ways increased convulsant action and decreased all other morphine- 
like effects. The result was essentially the same, whatever modifica- 
tions had been made in other portions of the morphine molecule. 

2. Covering the alcoholic hydroxyl of morphine with methyl, 
ethyl, or acetyl groups or replacing it with ketonic oxygen, hydrogen, 
or halogen also tended to increase toxicity and convulsant action, and 
to increase other morphine-like effects as well. The most regular in 
its effect was hydrogen substitution; the least regular, acetylation and 
replacement by halogen. The increase in activity was usually ac- 
companied by a decrease in duration of action. 

3. Substitution of basic groups for the alcoholic hydroxyl of mor- 
phine decreased effectiveness in the resulting compound and in some 
instances brought about qualitative differences in the pharmaco- 
logical picture. 

4. A spatial shift of the alcoholic hydroxyl group from the mor- 
phine (or codeine) to the a-isomorphine (or isocodeine) configuration, 
or from the £-isomorphine (or allopseudocodeine) to the y-isomorphine 
(or pseudocodeine) configuration, generally resulted in an increase in 
pharmacological action. Functional groups at the 6-position were 
more effective than the same groups at the 8-position of the nucleus. 

5. Opening the ether oxygen bridge of the morphine molecule 
seemed to decrease its activity, though the effect may have been 
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complicated by other changes simultaneously produced in the mor- 
phine structure. 

6. Saturation of the 7, 8- or 6, 7-double bond in morphine and its 
derivatives resulted in changes in pharmacological action so irregular 
as to be unpredictable. 

7. Substitutions in the aromatic nucleus of the morphine series, as 
far as studied, seemed to result in decreased pharmacological action. 

8. A hydroxyl group at the 14-position (presumably) consistently 
decreased pharmacological effects. Except for toxicity, the same was 
true of bromine at this position. 

9. Nuclear substitution, alkyl, in the alicyclic ring of morphine 
increased or decreased effectiveness, depending upon the other struc- 
tural features present in the molecule. In one such derivative, 
methyldihydromorphinone, increased activity was not accompanied 
by a corresponding decrease in duration of action. Some of the 
members of this group exhibited marked dissociation of the morphine- 
like properties, different effects being modified quantitatively in 
some instances in opposite directions. 

10. Change from tertiary to quaternary nitrogen in morphine 
markedly reduced morphine-like effectiveness and increased curare- 


like action. 
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Introduction 


The problem of the relation between chemical structure and physi- 
ological action dates back to the beginnings of organic chemistry and 
has developed since, hand in hand with the growing of this branch of 
science. 

It is obvious and well known that the physical and chemical prop- 
erties of a compound—melting point, boiling point, solubility in 
different media, acidity or basicity, and others—are determined by 
the number of atoms in the molecule, i. e., by molecular weight, 
and by the arrengement of the atoms within the molecule that we 
ordinarily represent in a so-called structural formula. These for- 
mulas, although an excellent tool in descriptive and experimental 
organic chemistry, do not give, as a whole, a complete account of 
the characteristic properties of a given compound. In other words, 
all predictions as to the physico-chemical properties of a compound 
based on its formula must involve more or less uncertainty. Never- 
theless, it is obvious that these properties of a compound determine 
the degree of its absorption, its transport and storage in the or- 
ganism, the place or places of its action, and finally the action itself 
at or in the cells of a particular organ; in summary, they determine 
the physiological or biological behavior of a compound in the living 
organism. Consequently, apart from the complexity of the mech- 
anism of normal vital functions and functions modified by admin- 
istration of chemicals or drugs, the uncertainty concerning the 
relation: structural formula-physico-chemical properties, applies also 
to the relation: structural formula-physiological action. (For very 
interesting, comprehensive, and enlightening essays on these much- 
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discussed problems, we wish to refer to two articles by Schule- 
mann (/)). 

In spite of these uncertainties, the organic chemist has added to 
the number of drugs obtained by synthetic methods and from natural 
sources in a merely empirical way, a large number of compounds 
with great clinical value. The systematic investigation of natural 
and synthetic products had shown that, within certain relatively 
limited groups of chemical individuals, a few definite rules as to the 
relation between formula and action could be found. In many such 
groups the dependence of a certain pharmacological action upon a 
certain characteristic feature in the structural formula became ob- 
vious and could not be overlooked. As examples among the syn- 
thetic products may be mentioned the antipyretics of the pheny]l- 
pyrazolone group, the vast number of hypnotics of the barbituric 
acid group, and the local anaesthetics of the alkamine type. For 
examples among natural products, valuable as chemo- and pharmaco- 
therapeuticals we may point to the group of sex hormones and to the 
alkaloids of the quinine and morphine groups. Many equally or 
more valuable substitutes for certain natural products have been 
obtained by, in principle, minor changes in the molecule, in particular 
in its functional groups. However, the organic chemist went further 
and synthesized the torso or characteristic fragments of the natural 
products, having attached to them the presumably important groups. 
Thereby the synthetic “substitute” showed sometimes a very close 
structural resemblance to the original ‘‘model;” sometimes such a 
resemblance could hardly be recognized. The desire for a less toxic 
local anaesthetic led from cocaine through the eucaines A and B 
to novocaine and pantocaine; the attempts at finding more effective 
antimalarials led from quinine through the simple quinoline deriva- 
tives, kairin, kairolin, and thallin, to plasmochin and atebrin. 

It can be easily seen that the “chemical viewpoint” alone, in spite 
of the great practical successes, does not bring us nearer to an under- 
standing of the relation between structure and action. On the one 
hand, chemically very closely related compounds may exhibit enor- 
mous differences in effectiveness; for example, trypan blue or ger- 
manin in comparison with their respective analogs lacking simply two 
methyl groups (2). On the other hand, compounds with practically 
no chemical relationship may produce very similar pharmacological 
effects. We may point out the antipyretic effect of quinine and anti- 
pyrine, the analgesic effect of morphine and antipyrine, and finally 
the central narcosis effected by morphine and the inhalation anaes- 
thetics. The question must remain open, however, whether the final 
effect, e. g., the analgesic effect of morphine and of antipyrine, is 
brought about by the same biological process. The necessity of plac- 
ing the problem—constitution, action—also on a physica! basis be- 








= a mee a oe eel 














SYNTHETIC SUBSTANCES 39 


came obvious and resulted finally in theories that attempt to consider 
pharmacological effects as the results of physical phenomena (H. H. 
Meyer, K. H. Meyer, Overton, Traube, Warburg). The experimental 
work that has been undertaken in this direction is usually arranged for 
the purpose of establishing correlations between single chemical or 
physical factors as acidity, distribution effect, surface tension, adsorp- 
tion, colloidal flocculation, and pharmacological effectiveness within a 
specific group, e. g., hypnotics (3) and local anaesthetics (4, 6). At 
present, when searching for new compounds of a certain desired action, 
the chemist must seek, first, for a ‘‘model” substance or substances 
which give him an idea of the direction in which to search. If then, 
fortuitously, a sufficient number of compounds of practical efficiency 
have been obtained, a study of che physical properties of these com- 
pounds may give a more directed lead to their improvement. 

Two principal considerations have instigated the attempts to obtain 
a morphine substitute by synthetic methods. In the first place, a 
theoretically definite solution of the drug addiction problem must pre- 
assume independence from the manufacture of opium. In the second 
place, we hope and assume that such synthetic products, which will be 
probably simpler in their structure than morphine, even if efficient 
enough, may not bring about addiction or euphoria. This assumption 
is largely arbitrary, but has a precedent, although not directly com- 
parable, in the synthesis of the simple cocaine substitutes, which do 
not show the typical intoxication produced by cocaine. 

Morphine may be considered as an isoquinoline or a phenanthrene 
derivative. Adopting for the time being the latter concept, we may 
analyze the formula picture of morphine as follows: Cl 
a partially hydrogenated phenanthrene (to be : 
classed as an asymmetric octahydrophenan- 
threne), carrying besides the phenolic hydroxy], 
the alcoholic hydroxyl, and the 4, 5-oxygen 
bridge, an ethyl-methyl amino chain, -CH,-CH,- 
N(CH;)-, attached in a very unusual way to the 
positions 13 and 9 of the phenanthrene nucleus. 

For this reason it seemed reasonable enough 
to make first phenanthrene a starting basis and attach to it and its 
hydrogenated forms successively the functional groups of morphine. 
Simple phenanthrene derivatives, as hydroxy, amino, and carboxylic 
acid derivatives and the like were submitted to pharmacological inves- 
tigation with the hope of a morphine-like action about 30 years ago 
(Bergell, Pschorr, Schmidt, Vahlen, and others). The results were 
discouraging and further experimentations in this direction were 
abandoned. 





Morphine. 


1 For a complete bibliography see Frinkel: Arzneimittelsynthese, 6th ed., pp. 412-413. 
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Although we did not expect to find any useful substances among 
the simple phenanthrene derivatives (most of the ones mentioned 
were needed for further synthetic work) we investigated pharmacolog- 
ically a considerable number of them in order to find out whether or 
not definite and consistent connections between chemical and pharma- 
cological changes could be observed. 

In the first part of this communication, phenanthrene itself, its 
well-characterized hydro derivatives, and the derivatives carrying 
the hydroxy, amino, carbonyl, carboxyl group, or a combination of 
these groups, are discussed. Since the 1- and 4- derivatives of (un- 
hydrogenated) phenanthrene are accessible only with great practical 
difficulty, this phase of investigation deals chiefly with the phenan- 
threne derivatives carrying the substituents in position 2, 3, and 9. 

The second part comprises a large variety of amino alcohols derived 
from phenanthrene. This type of compound has been taken up in 
our program for the reason that morphine may be considered as an 
amino alcohol containing a tertiary nitrogen and a secondary alcoholic 
group. Our synthetic amino alcohols may be divided into two groups 
derived from the fundamentally different types I and II. 

Nucleus: 
Phenanthrene 


9, 10-dihydrophenanthrene 
1, 2, 3, 4, 5, 6, 7, 8-octahydrophenanthrene 


-CHOHCH,N< 
ae te \ | -CHOHCH (CH) N< 
-CHOHCH;CH:N< 
H, HO 
II H, >N 
N OH 7 
A 
He HO 
H, >N-CHy 
OH He Me 





Worn 2 
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Obviously group II has the greater resemblance to morphine. 
The most active of our synthetic compounds belong to group II, 
having an analgesic effectiveness equal to that of some of the mor- 
phine derivatives, e. g., pseudocodeine. All of the amino alcohols 
contain one or two asymmetric carbon atoms. Optical resolutions 
are planned for some of the members of these groups which show a 
sufficiently high effectiveness and no undesirable side effects. 

The third part of this communication deals with compounds that 
are derived not from phenanthrene, but from other condensed ring 
systems. Whether or not the phenanthrene nucleus is essential in 
bringing about a morphine-like or, in particular, an analgesic action 
is, at present, an open question. The possibility had to be taken into 
consideration, that a somewhat similar ring system together with the 
proper substituents in certain positions may replace the phenanthrene 
nucleus. Considerations concerning the structure of morphine led to 
such a system. The ethereal or bridge oxygen in morphine may be 
as important as the phenolic hydroxyl group. 4, 5-Phenanthrylene 
oxide (III) itself cannot be synthesized at present. (The 3-hydroxy- 
4, 5-phenanthrylene oxide can be readily obtained by a degradation 
process from morphine. See below.) Therefore we chose a struc- 
turally similar ring system, namely dibenzofuran (IV) from which we 
prepared derivatives analogous to those in the phenanthrene series. 


HD O0 Of 


IV V 
4, 5-Phenanthryleneoxide. Dibenzofuran. Carbazole. 


The dibenzofuran derivatives as a whole show slightly higher 
analgesic activity than the corresponding phenanthrene derivatives, 
but are, unfortunately, more toxic. 

By replacing the oxygen in dibenzofuran by an imino group, we 
arrive at carbazole (V), which has no relation to phenanthrene or 
phenanthrylene oxide and is distinctly different from the above dis- 
cussed ring systems on account of its acid character. Recently some 
N-acyl derivatives of hexahydrocarbazole and a number of amino 
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alkyl esters of carbazole-N-carboxylic acid have been reported to 
exhibit hypnotic and local anaesthetic effect respectively (6, 7), 
whereby in both instances the relatively low toxicity of these com- 
pounds became apparent. 

So far only a few carbazole compounds carrying amino groups and 
alkamine side chains have been prepared and tested pharmacologi- 
cally. Very remarkable with this group of compounds is the rela- 
tively low toxicity and the consisten‘ »ffect of lowering the body tem- 
perature together with a relatively high analgesic effect. In this 
respect there appears to be a superficial resemblance to some members 
of the phenyl-pyrazolone group. 

For their pharmacological evaluation, all of the substances have 
been administered orally to cats, in suspension or dissolved in 2 per 
cent aqueous acacia solution. Observations have been made for the 
detection of depressant and analgesic effects, disturbance of coordina- 
tion, emetic action, and effects on heart and respiratory rates and 
rectai temperature. For the more soluble and more active sub- 
stances toxicity and convulsant action in mice have been determined 
and in a few instances experiments have been carried out on other 
animals. The general methods and some of the results have been 
reported previously (Eddy, 8, 9, 10; Smith, 11; Eddy, 12, 13, 14, 15), 
but the greater part of the data summarized in the tables of this 
paper is from the protocols of work in progress in the pharmacological 
laboratory of the University of Michigan. 


1. Phenanthrene, Hydrogenated Phenanthrenes, and Simple Derivatives 
(a) PHENANTHRENE AND ITS HYDRO DERIVATIVES 


The experimental material to be described, arranged according to 
chemical relationships, will be presented in tabular form. In each 
table is given the substituent or substituents of each compound and 
the position of attachment to the nucleus, indicated in the table 
heading. Some of the physical properties of the substances are also 
given and a summary of the pharmacological results. The following 
explanation of the data applies throughout: For simplicity of refer- 
ence, Drug Addiction Laboratory sample numbers are given in the 
first column. Approximate solubilities have been determined only 
in the later stages of this work; otherwise the very rough distinction— 
very soluble (v. s.), soluble (s.), moderately soluble (m. s.), sparingly 
soluble (s. s.), and insoluble (i.)—has been used. The figures in the 
columns, analgesia, general depression, incoordination, emesis, and 
rectal temperature, are mg per kg of the substance as administered, 
and are in each instance the lowest dose at which the effect indicated 
was observed. For the first three effects the initials, N., S., M., and 
Mk. indicate none, slight, moderate, and marked effects at the doses 
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given. Where N. is used, the dose is the highest administered. 
Under emesis, if vomiting occurred, the smallest dose with which it 
was observed is given, also the number of animals of five which 
vomited (figure in parentheses) and the time in minutes after admin- 
istration of the drug when vomiting occurred, averaged if more than 
one animal vomited. Sometimes salivation was the only indication 
of the emetic effect. This is indicated by the abbreviation, Sal., 
before the dose with incidence and time given as when vomiting 
occurred. If vomiting did not occur (N.), the dose is the highest 
administered. Under rectal temperature the effect is indicated as — 
(decrease), + (increase), or + (indecisive). For the first two, the 
minimal effective dose is given and the maximum deviation from 
normal, averaged for the group. In the absence of decisive effect, 
the dose given is the highest administered. Occasionally the + with 
a following figure is used when the effect was diphasic. 


HD 
H. ) / . / H, 
HH, HH, HH 




















248 204 
TABLE 1*.—Phenanthrene and its hydro derivatives 
Gen- 
Inco- 
- ‘ j : eral ; : Rectal tem- 
Substance M. p., °C. | Analgesia depres- — Emesis perature 
sion 
6 Phenanthrene..-.-.-_--.------- 99.5 N 1000 | 8300] S 200 200 (1) 68’ | > 100 i} 0. 5° 
355 9, 10-dihydro-__.__._-_- — 31-32 8 300 8 200 S 300 | Sal 300 (1) 60’ 200 (—) 0. 6° 
248 1, 2, 3, 4-tetrahydro-._____- 31-32 | Mk 400 S 300 S 300 | Sal 400 (2) 90’ | 400 (—) 1.4° 
204 1, 2, 3, 4, 5, 6, 7, 8-octahydro-. Liquid N 1000 S 500 S 500 | N 1000 500 (—) 0. 7° 
njy=1. 5570 














*See text for explanation of data. 

The solubility of these four compounds is practically the same. They are insoluble in water, soluble in 
methanol and ethanol, easily soluble in ether, ape tee and olive oil. The tetrahydro- and octahydro- 
—— are probably somewhat more easily soluble in olive oil than phenanthrene and its dihydro- 

erivative. 

* With 300 mg per kg slight effect in 3 of 5 animals. 

> Decrease in temperature was only 0.6° with 500 mg per kg. 
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The level of effectiveness of phenanthrene and its hydro derivatives 
is low (table 1). In this respect octahydrophenanthrene is most like 
phenanthrene; tetrahydrophenanthrene is more effective as a depres- 
sant and even exhibits some analgesic action ; while the dihydrophenan- 
threne is the most effective of the group. These differences are not 
paralleled by differences in solubility. 

On account of its insolubility, one experiment was run to determine 
the approximate absorbability of phenanthrene. On March 22, 1933 
a medium-sized cat was given, by stomach tube, one gram of phenan- 
threne, suspended as usual in 2 percent acacia solution. On each of 
the next 5 days 1% grams of phenanthrene were given by stomach 
tube. The latter dose was about 600 mg per kg and the total amount 
administered was 8.5 grams. The cat showed mild depression after 
the first 2 days, ate very poorly, and lost weight. The depression 
continued about 3 days after the last dose of phenanthrene. Then 
the cat became more lively, its appetite improved, and its appearance 
rapidly became normal. The feces were collected from the morning 
of March 22 to the morning of March 31, inclusive, and dried in air. 

The feces were of doughy consistency. They were kept in a vacuum 
desiccator over phosphorus pentoxide for about a week. Then it 
was possible to pulverize the mass very fine, except for fibers and 
hairs which were present in quite large quantity. 

The entire mass was extracted in a Soxhlet apparatus with petro- 
leum ether (b. p., 25-65°) for 3 days. A yellow-brownish amorphous 
substance (0.1—0.2 gram) precipitated. This proved to be insoluble 
in alcohol and acetone. 

The greenish colored petroleum ether solution which had still the 
intense odor of feces was extracted first with dilute (10 percent) 
hydrochloric acid and then with dilute (5 percent) potassium hydrox- 
ide. While no appreciable amount of bases could be found, in the 
alkaline extraction there precipitated a finely crystalline potassium 
salt (1.7 grams). The aqueous solution of this salt yielded on acidi- 
fying an amorphous oil of intensely rancid odor. 

















SYNTHETIC SUBSTANCES 45 


The petroleum ether solution was allowed to stand over charcoal 
for a day, but neither the odor nor the color could be removed in this 
way. After evaporating the petroleum ether there was left 6.7 grams 
of a crystalline substance. Attempts to purify this crude phenan- 
threne by crystallization failed. By subliming it twice (110—120°) 
in an oil-pump vacuum, a phenanthrene of m. p. 98—99.5° was obtained. 
Yield, 5.22 grams (about 2-3 percent may have been lost during the 
whole procedure). The residue from this sublimation is a heavy 
brownish oil containing a few crystals, possibly cholesterol-like 
substances. 

The excreta, after extraction with petroleum ether, were extracted 
for several days with ether. The resulting solution was bright 
yellow. No bases and no phenanthrene could be detected. The 
alkaline extraction results in a crystalline bright yellow acidic sub- 
stance with a distinct rancid smell. 

The two acid substances obtained in addition to the phenanthrene 
were not further investigated. 

The 5.22 grams of phenanthrene recovered represented 61.4 per- 
cent of the amount administered; or, taking the loss of material 
during the procedure into account, probably 65 percent escaped 
absorption. One cannot, of course, exclude the possibility that a 
part of the recovered phenanthrene had been absorbed and excreted 
into the intestine but this seems very unlikely. The similarity of 
physical properties makes it probable that the ratio of absorption 
would be similar for phenanthrene and its hydro derivatives (table 1). 

The as.-octahydrophenanthrene, the real skeleton of the morphine 
alkaloids, has not been included as yet in this investigation, since, 
owing to technical difficulties, the preparation of a pure (cis or trans) 
1, 2, 3, 4, 9, 10, 11, 12-octahydrophenanthrene has not been accom- 
plished (16, 17). 





fs 
| Ste 
CH, 
Hy 
Hi " OH 
asym. cis Octahydro- asym. trans Octahy- Dihydromorphine. 


phenanthrene. drophenanthrene. 


Phenanthrene * was purifie? by the method of Cohen and Cormier 
(18) and subsequent boiling and distillation over sodium. For a 


31 We wish to acknowledge the assistance of the Barrett Co. and the Reilly Tar and Chemical Corpora- 
tion in providing us with technical phenanthrene. 
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recent very effective purification, see Durland and Adkins (19), and 
compare also Bachmann (20). 

9, 10-Dihydrophenanthrene was prepared by the method of Burger 
and Mosettig (21) by selective high pressure reduction of phenan- 
threne with copper-chromium-barium oxide catalyst (19). 

1, 2, 3, 4-Tetrahydrophenanthrene was prepared by high pressure 
reduction of 4-ketotetrahydrophenanthrene or of a mixture of 1- and 
4-ketotetrahydrophenanthrene as obtained by ring closure of a 
mixture of y-(l-naphthyl)-n-butyric acid and -+-(2-naphthyl)-n- 
butyric acid (22) according to the method of Haworth (23, 24). 


fQQy_ tQy Ad) 
Madd a a 


B-(1-Naphthoyl)-propionic acid. Naphthalene. §-(2-Naphthoyl)-propionic acid. 


| | 


to — Cry: 
Ch, CHa 
\nmef \ 
" Cih—co 
bn 
y-(1-Naphthyl)-n-butyric acid. y-(2-Naphthyl)-n-butyric acid. 
4 He i 
my — e— H; 
Hy Hy H, H, ty > 
1-Keto-1, 2, 3, 4-tetra- 1, 2, 3, 4-Tetrahydro- 4-Keto-1, 2, 3, 4-tetra- 
hydrophenanthrene. phenanthrene. hydrophenanthrene. 


1, 2, 3, 4, 5, 6, 7, 8-Octahydrophenanthrene was prepared by the 
method of van de Kamp and Mosettig (25) by high pressure reduc- 
tion of phenanthrene with Raney nickel catalyst (19). 
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(b) MONOHYDROXYPHENANTHRENES 


\ J 
a 


-OH, -OCH3, -OCH2CH3, -OCOCH; 





TaBLE 2.—Monohydrory phenanthrenes 








phity Gen- | ; 
M. p. ¥Y | Anal- | eral CO- Rectal tem- 
-! nm ? - 
Position-substituent ° é an i gesia | depres- —_ Emesis perature 
oil* sion 
153-154 | s.....- N 300 8 100 S 200 N 300 300 (+) 
168-169 | s.s..../¢N 300 | S200} M 300 300 (1) 300’ 300 (—) 1.8° 
v.s.-.| N 300} 8200] N 300} Sal 200 (1) 60’ 300 (+) 
131-133 1 8...... N 300 S 200 | N 300 N 300 300 (—) 0. 5° 
142 | v.s.--| N 300} 8200] S300] N 300 300 (+) 
121-123 | s_..__- +S 200 8 100 | M 300 | Sal 300 (3) 120’ « | 4100 (—) 0. 4° 
§7-59 | s_....- N 400 S 300 8 300 N 400 300 (—) 0. 7° 
a ere N 300} S200} N 300| N 300 300 (+) 
ee N 300 S 200 S 300 N 300 300 (—) 0. 8° 
113-115 | s:.._-- *N 200 S 100 8S 100 100 (1) 108’ f 100 (—) 0.7° 
152-153 | m.s_..| N 300 S 200 S 200 | Sal 200 (1) 120’ 200 (—) 1. 6° 





























*All of the substances of this table are practically insoluble in water. 

e Results were suggestive in some animals, but for the group definitely below criterion fcr minimal 
effective dose. 

> Of 10 animals given 300 mg per kg, analgesic effect was marked in 5. 

e — animal vomited in 5’ with 200 mg per kg, probably the result of local irritation during adminis- 
tration 

4 The temperature fell 3.0° (average) with 300 mg per kg. 

¢ 300 mg per kg given to 2 animals was definitely toxic e one of them. 

4 Threo animals vomited (average 155’) with 200 mg per kg. 


The pharmacological effectiveness of the hydroxyphenanthrenes 
(table 2) is also low, but the 3-hydroxy derivative stands out clearly 
as the most active of the group. 4-Hydroxyphenanthrene is second, 
while the others are so much less effective that the attempt to place 
them in any order is not only difficult but of little significance. The 
alkyl ethers and acetyl derivatives are less effective than the free 
hydroxy compounds. This relationship is like that in the morphine- 
codeine pair and the pairs of corresponding derivatives in the mor- 
phine series (26), but the fact that 3-hydroxyphenanthrene among 
its isomers is the most effective must be regarded as coincidental to 
the 3-position of the phenolic hydroxyl in morphine. 

The 2- and 3-hydroryphenanthrene were obtained by potassium 
hydroxide fusion of the barium salts of the corresponding sulfonic 
acids,’ according to Fieser, by the modified Werner method (27); the 


§ We wish to express our thanks to Merck & Co., Rahway, N. J., for the large-scale preparation of the 
barium phenanthrene sulfonates used in this research. 
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9-hydroxyphenanthrene was prepared from 9, 10-phenanthrenequinone 
through its dichloro derivative (28, 29, 30). 





9,10-Phenanthrene- 10,10-Dichloro-9- 9-Hydroxy -phenan- 
quinone. phenanthrone. threne. 


1- and 4-Hydroryphenanthrene were prepared by the method of 
Mosettig and Duvall (31) by catalytic dehydrogenation of 1-keto- 
and 4-keto-tetrahydrophenanthrene, respectively. 


(c) POLYHYDROXYPHENANTHRENES AND HYDROXYPHENANTHRYLENE 






































OXIDES 
on on ococty, cH,COO 
177 179 
i emeetnetetatall i neentieehemeal 
OH 6] CHO ococn, CHO 
223 180 
TABLE 3 
A. POLYHYDROXYPHENANTHRENES 
Solu 
i General} Incoor- 
Position-substituent 7 pi “Cy h. olive por ——- = Emesis pen hon 
oil* 

177 aaa | Ce, Mk 150 | M 100 | M 150 100 (5) 28’ | 100 (—) 0.9° 

SOCOONMS.............« | . 
mao bepbeanes |} 186 | s...... N 300] S200] N300] — N 300 300 (+) 

3- ‘ee ‘ 
M\¢-OCOCH lf 124 |... S 300 | M200] $200] Sal 300 (1) 60’ | 200 (—) 0.9° 
180 (cout, "| 118-120 | m.s...| N 300] 8200] 8300 200 (1) 46’ | 200 (—) 0.4° 

aa | 

B. HYDROXYPHENANTHRYLENE OXIDES 

ees te M 300] 8200} 8S 200 300 (3) 72’ | 200 (—) 0.8° 
jo: i _e _ St i eee N 400 S 300 | N 400 Sal 400 (2) 42’ | 400 (+) 
224 3-OCOCH3............. 138 | s_.....| N 400 8 300 | N 400 400 (1) 120° 400 (+) 























* All of the substances of this table are practically insoluble in water. 
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The analgesic action of 3-hydroxyphenanthrene is decidedly in- 
creased by the introduction of a hydroxyl group into position 4 
(table 3-A), but at the same time toxicity and emetic action are also 
increased. Four cats died with 150 mg per kg of No. 177, two within 
5 hours and two within 24 hours. With No. 41 (3-hydroxyphenan- 
threne), on the other hand, nine animals recovered promptly after 
300 mg per kg; a tenth was still markedly depressed at the end of 
24 hours and died during the second night. 

As with 3-hydroxy- and 2-hydroxy-phenanthrene, acetylation of 
both hydroxyls of the dihydroxy compound decreased effectiveness 
decidedly. What difference there is in the action of the two isomeric 
diacetyl derivatives, No. 178 and No. 179, is slightly in favor of 


On HO 


N=NC,H,S0, 4 


3-Hydroxyphenanthrene. 


OXY) = LY = LY 
on = WW 0 ° #0 oH 


3, 4-Dihydroxyphenanthrene. 


No. 179. No. 180, for which no comparison is available, is a rather 
inactive compound. 

3-Hydroxy-4,5-phenanthrylene oxide exhibited some analgesic 
action (table 3—B), but less than 3-hydroxyphenanthrene. With the 
largest dose of No. 223 (300 mg per kg) the pupils were slightly to 
inoderately dilated. Again the effects were decreased by “muzzling”’ 
the hydroxyl by either acetylation or methylation. The difference 
between 3-methoxy- and 3-acetoxy-phenanthrene, on the one hand, 
and 3-methoxy- and 3-acetoxy-phenanthrylene oxide, on the other 
hand, is very slight; it is possibly in favor of a greater depressant 
action in the absence of the oxygen bridge. However, the series of 
derivatives of phenanthrylene oxide is being continued, these ex- 
amples being too few to warrant a definite conclusion. 

8, 4-Dihydroxyphenanthrene (‘‘morphol’’) and its diacetyl deriva- 
tive were prepared by the method of Fieser (32, 33) from 3-hydroxy- 
phenanthrene through 4-amino-3-hydroxyphenanthrene and 3, 4- 
phenanthrenequinone. 
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3, 6-Diacetoryphenanthrene was obtained from the corresponding 
phenanthrene disulfonate (34). 


CH4)-OQ- 


S0,H $03H 


a tli acid. 





OCOCH, CH,COO 


3, 6-Diacetoxy phenanthrene. 


3, 6-Dimethory-4-acetoxyphenanthrene (‘“acetylthebaol’’) is obtained 
very conveniently by boiling thebaine with sodium acetate and acetic 
anhydride (34, 36). 


te es 
cH,0 CH,0 Ococh, 


Thebaine. bikie iasaiidtiasdlimpiaiieditiaiin 
(acetylthebao)). 


3-Hydrozy-4, 5-phenanthrylene oxide (‘‘morphenol’’) and its 3-ace- 
toxy- and 3-methoxy derivative (‘‘methylmorphenol’’) can be pre- 
pared conveniently according to Mosettig and Meitzner (37) by a 
modified Vongerichten’s degradation process of morphine. 
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= 2 ~ as > 

CHO 0 CH,0 0 H OH 
a-Methytmorphimethine. 8-Methylmorphimethine. 

Fi» 

N=SOCtt, 

L 
Chy on Cy 0 " 0 

8-Methylmorphimethine Methylmorphenol. Morphenol. 


methomethylsulfate. 
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(d) AMINO- AND AMINOMETHYL-PHENANTHRENES 





Vv 


-NH2, -NHCOCHs, -N(CHs3)2, -CH:NH: 


TABLE 4.—Amino- and aminomethyl-phenanthrenes 








bility 1. | era de-| _Tneo- Rectal 
Position- v on ility | Anal- | eral de- Rie : ectal tem- 
substituent M.p., °C. inolive} gesia | pres- = Emesis perature 
oil sion 
ee? 6 Daee.....-.-2 83-84_......- v.s..-| 8100} °8S 75 M 75 75 (1) 300’ &.___| 75 (—) 1.4° 
115* 38-NH2._-...--- _ eee W:8<3 8 50 |} «S 50 8 50 50 (1) 317’ ¢____| 50 (—) 1.0° 
116* 3-NHCOCH:3..| 200.......... Ricauks N 400 S 200 S 200 _ ee 200 (—) 0. 5° 
356** 3-N (CHs3)2_...| 220-225.-.___|_._____- N 200 / S100] S100 100 (2) 90’___..-} 200 (—) 0.6° 
An7* @-Deees......... 135-136... v.s_..| N 300} 8100} S100 100 (1) 330’ «___._| 100 (—) 0.8° 
122 e-NHCOCh 207-208__..-- Bei sce N 300 | 8300} 8300} N 300___- _-...-.-- 300 (+) 
184*** 9-CH2:NHp- -__} 292-294 dec__|_....--- S 150 | M 100 | M 100 100 (3) 28’. __._- 200 (—) 1.4° 


























* Administered as free base. Practically insoluble in water. The hydrochloride is moderately soluble 
in water but hydrolyzes easily, particularly when heated in solution. 

** Administered as hydrochloride. Percent base: 85.8. Immediate hydrolysis in water. 

*** Administered as hydrochloride. Percent base: 85.0. Moderately soluble in water. 

¢ 3 of 5animals died within 24 hours with 100 mg per kg. 

+ With 100 mg per kg all 5 cats salivated and 2 vomited, 00” average. 

¢ 2of 5animals died within 24 hours with 100 mg per ke. 

¢ With 100 mg per kg 3 cats salivated and 1 vomited in 196’. 

¢ None of the cats vomited with 200 or 300 mg per kg. 

4 Incoordination of the characteristic taal Scuition type (see 9-carboxylic acid phenanthrenes). 


Of the three isomeric aminophenanthrenes (table 4) the 3-amino 
compound was the most effective in respect to analgesic and depressant 
effects. It was also quite toxic to the cat. The 2-derivative showed 
some analgesic effect but was about as toxic and more emetic than its 
3-isomer. The 9-derivative, however, had no analgesic action even 
with much larger doses; up to 300 mg it was not toxic, and its emetic 
effect was very slight. These aminophenanthrenes increased the 
respiratory rate moderately in most animals, and again the 3-isomer 
had the greatest effect. The heart rate was quickened occasionally 
but never to a marked degree. 

Acetylation or methylation of the amino group lowered its effective- 
ness in all respects including toxicity. The two substances, 3-acetyl- 
aminophenanthrene and 3-dimethylaminophenanthrene, were not 
significantly different. Removal of the amino group from the nucleus, 
at least in the 9-position (No. 184), increased distinctly the analgesic 
and emetic effects, probably also the depressant action. This sub- 
stance was not toxic in the doses administered. 
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2- and 3-Aminophenanthrene were originally prepared according to 
Werner’s method (38) by heating the corresponding hydroxyphenan- 
threnes with sodium acetate and ammonium chloride in acetic acid. 


CH;COONa 


Cy.H,OH NHC 


—CyHy»,NHCOCH;->C,,HyN H, 





9-Aminophenanthrene was obtained by Curtius degradation of 
the 9-carboxylic acid, according to Pschorr and Schréter (39). 


CyuH,COOH—C,,H,COOC,.H;-C,,4H,CONH NH,-C,,H,;CON;— 
C,,H»NHCOOC,H;-C,,H,N He 


More recently a decidedly more convenient preparative method has 
been worked out in this laboratory (40), by which the three isomeric 
amines are obtained through the Beckmann rearrangement of the 
oximes of the corresponding acetylphenanthrenes (4). 


CywHpCOCH;—C,4H,C :(NOH) CH; C,4Hy NHCOCH;—C,,H,N He 


8-Dimethylaminophenanthrene may be obtained by methylation of 
the 3-amino compound with dimethyl sulfate and by thermal decom- 
position of the quaternary methiodide (40). 


CyHyN H2—-CyHyN (CH3)3(SO,CH3) > CywHyN (CH;)3I->Cy,HyN (CHs)2 


9-Aminomethylphenanthrene was prepared by catalytic hydrogena- 
tion (platinum oxide, glacial acetic acid) of 9-cyanophenanthrene (42). 


H B&H Br 


OM) — ~ 


Phenanthrene. 


CN CH,NM, 


& 


9-Aminomethylphen- 
anthrene. 


The latter could be conveniently prepared from 9-bromophenanthrene 
(43). Other preparative methods for this amine have been described 
by Shoppee (44) and by von Braun (46). 
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The dihydro derivatives.—The primary amino compound (380) was 
more effective than its tertiary dimethyl derivative (381) (table 5A). 
The former was very similar to 2-aminophenanthrene (114, table 4), 
except that it seemed to be less toxic. Number 380 was less active 
than 1- or 4-amino 1, 2, 3, 4-tetrahydrophenanthrene, or 3-amino- 
phenanthrene. The 2-dimethylamino-9,10-dihydrophenanthrene did 
not reach by far the effectiveness of 1-dimethylamino- or 4-dimethyl- 
amino-tetrahydrophenanthrene, but a conclusion relative to the effect 
of the degree of hydrogenation (dihydro and tetrahydro) is not per- 
missible since the substituents are in different nuclear positions. 

The tetrahydro derivatives—The amines of this group had a rather 
high analgesic action, but the minimal analgesic and the minimal 
convulsant dose were in three cases (Nos. 326, 295, and 327) close 
together, while the minimal emetic doses for the group coincided 
with, or were even lower than, the minimal analgesic doses. The 
primary amines appeared to be slightly more analgesic than the cor- 
responding secondary and tertiary. There seemed to be a species 
difference in respect to convulsant action. In cats this was as great 
or greater with the tertiary than with the primary amine; in mice, 
on the other hand, convulsant action was less with the tertiary than 
with the primary amine. In the main there seemed to be no note- 
worthy distinction between the 1-series and the 4-series, except for 
a possible difference in rates of absorption. Orally, the 1-dimethyl- 
amino derivative was more analgesic than the 4-dimethylamino; 
intramuscularly, the 4-dimethylamino compound was the more 
effective. The latter was probably more emetic both orally and 
intramuscularly. 

Again in this series of amino derivatives there was considerable 
increase in the respiratory rate with little or no change in heart rate. 
General depression in the sense of motor quiet was not marked and 
often there was an initial rise in rectal temperature, usually of brief 
duration. Generally, as the dose increased, the initial rise in tempera- 
ture was less apparent and might be succeeded or replaced by a slight 
fall. 

2-Amino-9,10-dihydrophenanthrene can be readily prepared by the 
Beckmann rearrangement of the oxime of 2-acetyl-9,10-dihydrophe- 
nanthrene (46). It has been prepared recently in crystalline form, 
m. p. 53-54°, by reduction of the corresponding nitro compound (m. p. 
81-82°) which could be obtained in satisfactory yields by nitration 
of 9,10-dihydrophenanthrene (47). 


p— Cui COCH;-— Cn Hii C :(NOH) CH;———>C 4H, NHCOCH;, 


CuHy 
L__»C HNO; >CuHi NH, 
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2-Dimethylamino-9,10-dihydrophenanthrene can be conveniently 
prepared by exhaustive methylation of the amino compound and sub- 
sequent thermal decomposition of the methiodide (46). 


CHiN H2——Cu Hi: N(CH:)s(S0,CH3)—— Cp Hi N(CHs)3I—> C4 Hi: N(CH) 
1- and 4-Amino- 1, 2, 3, 4-tetrahydrophenanthrene were prepared by 
sodium or aluminum amalgam reduction of the oximes of 1- and 4- 


oxo-1, 2, 3, 4-tetrahydrophenanthrene. The methyl- and dimethy]l- 
amino compounds were prepared in the customary way (48). 


° vON AN 
ty fe 
ars . Me 


1-Keto-1, 2, 3, 4-tetrahydrophe- Oxime. 1-Amino-1,2,3,4-tetrahydro- 

nanthrene. phenanthrene. 
. 
) me > “ » 

4-Keto-1, 2, 3, 4-tetrahydrophe- Oxime. 4-Amino-1,2,3,4-tetrahydro- 

nanthrene. phenanthrene. 
CH;I 
CwHi3N H,»>————r Cun HN (CHs)2 
CH;COONa 


CyuHi3N H»>—> Cy Hy N =CHC,H;-——> 


CywH3N(CH3I) =CHC,H; H20 CywHi;NHCH; (Method of Decker) 


a \ 


44192°—38——5 
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Of the three isomeric hydroxyaminophenanthrenes (Nos. 183, 
145, and 203, table 6), effectiveness stands in the order named. 
3-Hydroxy-4-aminophenanthrene was also the most toxic and quite 
emetic. The 9-hydroxy-10-aminophenanthrene, which as Vahlen’s 
“morphigenine”’ has some historical interest (52, 53), seemed to be 
the least effective, but in this case, as perhaps also with No. 183, early 
vomiting probably interfered with full development of action. 

Methylation of the hydroxyl, with another substituent present 
(145-42; 203-75; 73-+74), seemed not to decrease effect; indeed 
there was some indication that analgesic action might be increased 
slightly by the change. On the other hand, acetylation of the amino 
group, with another substituent present (42->94; 203-+73; 75-74), 
did decrease effect. The replacement of a methoxyl by an ethoxy] 
group (74-95) made no significant difference. 

The slight differences between the 3, 9-series and the 9, 10-series 
are probably not significant. No. 75 had slightly more depressant 
effect than No. 42; No. 74 slightly more than No. 94. No. 203 was 
more emetic than 145, but 42 and 94 were more emetic than 75 and 
74, respectively. 

The influence of single substituents on each other, as reflected in 
changed pharmacological action, was studied in a series of related 
phenanthrene derivatives with the following results: 3-Hydroxy-9- 
aminophenanthrene was less active in all respects than the 3-hydroxy 
compound, and less depressant than the 9-amino; 3-methoxy-9- 
aminophenanthrene was less depressant than either the 9-hydroxy or 
9-amino compounds, but more emetic, which perhaps makes the 
comparison invalid; 3-hydroxy-4-aminophenanthrene, however, was 
more analgesic, toxic, and emetic than the 3-hydroxy derivative. A 
comparison with 4-aminophenanthrene is not available, but 3- 
hydroxy-4-amino- was less effective than 3-aminophenanthrene. In 
at least three cases out of four, then, the entrance of the second sub- 
stituent has rendered the compound less effective than those carrying 
either substituent alone. 

The 3-hydroxy-9-aminophenanthrene was prepared from 3-phe- 
nanthrol and elucidated in its structure by Burger and Mosettig (49). 
See also Werner (50). 

The 38-hydrory-4-aminophenanthrene may be very conveniently 


prepared by the method of Fieser (32) (see p. 49). 
NO, NH, 


HO 
3-Hydroxyphenanthrene. 3-H ydroxy-9-aminophe- 
nanthrene. 
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The 9-hydroxy-10-aminophenanthrene was obtained from 9, 10- 
phenanthrenequinone monoxime according to Schmidt (61). Com- 
pare also Pschorr (62), and Vahlen (53). 


0 0 HON r) H,N OH 


9, 10-Phenanthrenequinone. Monoxime. 9-Hydroxy-10-aminophenanthrene. 


(g) ALDEHYDES, KETONES, AND CARBINOLS OF PHENANTHRENE AND 
HYDROPHENANTHRENES 

















(COCH,CH,) 
Hs, COCK, 
\/ H / Me 
-CHO, prey 330 253 (254) 
-COCH;CH; 
-CH,0OH, -CHOHCH; , 
TABLE 7.—Aldehydes, ketones, and carbinols of phenanthrene and hydrophenanthrene 
: eee 
Soiuil- General | 
iti sti . ° Apap Anal- ~| Incoor- ; | Rectal tem- 
Position-substituent | M.p.,°C. a a gesia — dination | Emesis | perature 
185 3-CHO..........-.- eee eae N 300} 8 200 $300 N 300 200 (—) 0.4° 
186 9-CHO__....2-. 2 ee 100-101) s_.__--- N S 200 2§$ 200 N 300 » 200 (+) 0.5° 
7 PCOCHS: 2224.4... 143] s.S_...- ¢N 300} 8 200 N 300, N 300 
8 3-COCHs..-........ yo 8 400} 8 100 S 100 400 (3) 300’, 400 (+) 
101 9-COCHs3.......... (CS fre N 300) 8200) 4M 300 300 (1) 143’, 200 (—) 0.8° 
181 eCOCH eee 53-54] v.s__.- $400} 8S 200 S 200, N 400 | 200 (—) 0.4° 
lab ainseies aie anes | , os ° 
330{5 oo miata \ 81-82) 8... +N 300} $200; 8300 300 (2) 14%, 300 (—) 1.0 
0-COC4Hs.....___.. 
25341, 2, 3, 4, 5, 6, 7, 8- 58-59} s......- IN 300 S 200 S 400 N 400 200 (—) 0.5° 
octahydro-. 
9-COCH:2CH3..----- 
25441, 2, 3, 4, 5, 6, 7, 8- 52. 5-53) s......- N 400} 8 300 N 400 300 (2) 77’| 300 (—) 0.9° 
octahydro-. 
187 3-CH2OH-.-.....__- 103-103. 5] s......- @N 300)4 M 200} *M 200 300 80’! 200 3 0.5° 
188 9-CH2»OH_-_-__..__-- 149-149, 5) S_...-.- N 300 8 200) * Mk 200 300 (1) 55’| 300 (—) 0.6° 
119 2-CHOHCHs3.---_-_-- 134. 5-135. 5] v.s_...| N 3C0; 8S 200 8 300 N 300 300 (—) 0.6° 
120 3-CHOHCHs.-.--_-_-- 83-83. 5] Vv. S_--- S 200) M 200 M 200 300 (3) 200’| 200 (—) 0.6° 
118 9-CHOHCHs3.-.- 135. 5-136} v.s....| N 300 oo 1S ae N 300 (—) 0.5° 




















*All of the substances of this table are practically insoluble in water. __ LENT ys 

® With 500 mg per kg (1 animal), typical delayed relaxation developed in 2 hours (see carboxylic acid 
derivatives for description). With smaller doses only slight muscular weakness was seen 

+ Of the 10 animals used (200 and 300 mg per kg), 6 showed a slight rise, 1 a slight fall, and 3 no change 
in rectal temperature. 

¢ Frequently animals seemed more sensitive to pain after administration. ; 

4 With 500 mg per kg, each of 3 animals showed typical delayed relaxation. This had disappeared in 24 
hours but the 3 cats died during the third 12 hours. With 300 mg per kg, typical delayed relaxation could 
not be recognized. 

¢ Result suggestive in 3 animals, but for the -— below criterion for minimal analgesic dose. 

4 Result suggestive in 2 animals with 400 mg per Ke 5 

* Result suggestive in 3 animals at this dose, but below criterion for minimal analgesic dose. 

+ Depressant effect and disturbance of coordination developed slowly being most marked 5 hours after 
administration. 

* Typical delayed relaxation. 

i Typical delayed relaxation in 1 anima] with 500 mg per kg, but its appearance was delayed until about 
12 hours after administration. 
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The two aldehydes (Nos. 185 and 186, table 7) were alike in their 
depressant effect and their lack of analgesic action; they differed in 
that No. 186 caused a peculiar disturbance of coordination, and did not 
have a lowering effect on rectal temperature. 

Of the isomeric acetylphenanthrenes, the one with the substituent 
in the 3-position was again the most effective, and again delayed 
relaxation appeared when the substituent was in the 9-position. 
3-Acetyl- and 3-propionyl-phenanthrene were practically identical in 
their effects, except for the late appearance of vomiting with the 
former. They were probably slightly more effective than phenan- 
threne-3-aldehyde. The introduction of the acetyl or propionyl 
group into a hydrophenanthrene did not produce compounds signifi- 
cantly different from those in which the nucleus was not hydrogenated. 
Throughout the group of ketones, depressant effect and disturbance 
of coordination were more prominent than analgesic action. 

Except phenanthryl-3-methyl] carbinol (No. 120), the carbinols and 
methyl carbinols are not materially different from the corresponding 
aldehyde and acetyl compounds. No. 120 has the greatest analgesic 
action, especially in relation to its other effects, of this whole group. 

Phenanthrene-2- and -3-aldehydes were obtained by Rosenmund’s 
catalytic reduction of the corresponding acid chlorides (54). 


SOCI, H, 
Cy.H;sCOOH—— CyH,COC!I — 


The acetyl * and propionyl compounds were prepared by the Friedel- 
Crafts reaction on the respective hydrocarbons. In phenanthrene 
itself the acetyl and propionyl group enters chiefly position 3 and to 
a minor extent position 2 (55, 56). 

9-Acetylphenanthrene is not formed in the Friedel-Crafts reaction 
and had to be synthesized by the Claisen condensation of the 9-carbo- 
methoxy derivative with ethyl acetate, followed by hydrolysis of the 
keto ester (67). It can be obtained in a somewhat simpler way by 
the reaction of 9-cyanophenanthrene with methylmagnesium halide 


(41). 
CH;COOC,H; dil. H,SO, 
CuH,»,COOCH; *Cy4H»COCH,COOC,H,—___ 

Na —C,,H,COCH; 


‘Hie 
veameaual CH;Mgl 








In 9, 10-dihydrophenanthrene the acetyl and propionyl group enters 
exclusively position 2 (25). 

The phenanthryl methyl alcohols may be readily obtained by catalyiic 
reduction of the corresponding aldehydes using a platinum oxide 
catalyst (54). 


4 We wish to express our thanks to Merck & Co., Rahway, N. J., for the large-scale preparation of 2- and 
3-acetylphenanthrene. 
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The phenanthryl methyl carbinols are obtained by catalytic reduction 
of the corresponding acetylphenanthrenes by using either a platinum 
oxide catalyst under ordinary conditions or a chromite catalyst in 
Adkins’ apparatus at elevated temperatures (57). 


-CHO H, -CH,0H 
phenanthrene-COCH; —— phenanthrene-CHOHCH; 
-COCH,CH; -CHOHCH:CH; 


(h) HYDROXYACETYLPHENANTHRENES AND CYCLIC KETONES OF TETRA- 
HYDRO- AND OCTAHYDRO-PHENANTHRENES 





TABLE 8 
OCH 
WYO’ 
. on a aa 
201 182 144 


A. HYDROXYACETYLPHENANTHRENES 



































‘33 Gen- 
Solubility Inco- 
oy ; ° “a Anal- | eral il : Rectal tem- 
Position-substituent M. p., °C. = gesia | depres- = Emesis perature 
sion 
Bok sioeaks : 7 s . 
ween, } 180-181 | m.s.......] N 300] $300 | N 300 N 300 | 300 (+) 
(rs is E . ‘ . 
016. COCs pases nn 107-108 | s......-.-- N 400} $300! $400 N 400 | 300 (—) 0.5° 
3- ae cadewsccsaee 7 : ‘ 
16. COC ee a N 300} $200} S200 N 300} 300 (+) 
a cnienuasess us : . , is tl 
oo LT \ 101. 5-102 | v.s......-. N 400 | 8 200 | N 400 N 400 | 400 (—) 0.7° 
| | 
° 
he 
Ky Hy Hy H, 
Hh, tt H, 





225 226 227 
B. CYCLIC KETONES OF TTTRAHYDRO- AND OCTAHYDRO-PHENANTHRENE 





























M. p., [bility in| Anal- | ‘erat | Inco- Rectal 

ee ee ai ity nal- | era “a eer ectal tem- 

Position-substituent ° é , olive | gesia |depres- — Emesis perature 
oil* sion 

225 1-oxo-1, 2, 3, 4-tetrahydro-.......- 95-96 | s__._.. M 4002} S200; S400 | 400 (2) 43’ | 400 (—) 0.8° 

226 4-oxo-1, 2, 3, 4-tetrahydro-___.__.- N 400 | 8200} 8400 400 (1) 33’ | 200 (—) 0.7° 

227 1-oxo-l, 2, 3, 4, 5, 6, 7, 8-octahydro-- N 400 | 8200} N 400 | 400(2) 3’ | 200 (+) 0.3° 








*All of the substances of this table are practically insoluble in water. 
* The effect was greatest 5 hours after administration. 
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In the series of the hydroxyacetyl compounds there seemed to be 
but little difference in the effectiveness of the single members. None 
of the four could be regarded as definitely analgesic. All of them 
were slightly depressant. Uniformly, all four compounds were 
slightly less effective in analgesia, general depression, and incoordi- 
nation than the corresponding compounds carrying only one of the 
two substituents. 

3-Hydroxyphenanthrene was more analgesic and depressant, 
3-acetylphenanthrene more depressant than 3-hydroxy-6-acetylphe- 
nanthrene. The difference between the 3-methoxy- and the 9-acetyl- 
phenanthrenes on the one hand, and the 3-methoxy-9-acetyl com- 
pound on the other, was not so marked, the disubstituted phenan- 
threne being only slight.y less active in incoordination and decrease 





On 
HO 
COCHy 
3-Hydroxy-6-acetyl- 3-Methoxy-9-acetyl- 9-Hydroxy-10-acetyl- 
phenanthrene. phenanthrene. phenanthrene. 


of temperature effects than either of the monosubstituted products. 
Similarly, hardly any difference could be noticed between the 9-hy- 
droxy- and the 9-acetyl- compounds on the one hand, and the 9- 
hydroxy-10-acetylphenanthrene on the other. 

An explanation for the decrease in effectiveness of the disubsti- 
tuted products cannot be offered. Undoubtedly the entrance of a 
phenolic hydroxyl into an acetyl compound, or an acetyl into a 
phenol, results in a compound more acidic in nature. 

The “ring ketones,” carrying the carbonyl group within the ring, 
cannot be structurally compared with the acylphenanthrenes carry- 
ing the -CO in the side chain. They can be, to some extent, regarded 
as acylnaphthalenes. The three members of this group showed only 
slight activity. Relatively most active was No. 225. It was par- 
ticularly interesting on account of its mounting analgesic effect. 
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The 4-isomer was not analgesic but was at least as depressant as the 
1-isomer. 

A similar relationship held between the compounds No. 225 and 
227. 

It may be pointed out, although no correlation shall be indicated, 
that of the three cyclic ketones only the gg ae ali ieee 
exerts a slight oestrogenic activity (48, 59). 

The hydroxyacetylphenanthrenes listed in table 8A have — syn- 
thesized and structurally elucidated in this laboratory. The 3-hy- 
droxy group directs, in the Friedel-Crafts reaction, the acetyl group 
into position 6, the 3-methoxy group into position 9, and the 9-hy- 
droxy group into position 10 (60, 49). 

1- and 4-Keto-1, 2, 3, 4-tetrahydrophenanthrene were prepared accord- 
ing to the method of Haworth (23), and 1-keto-1, 2, 3, 4, 5, 6, 7, 8- 
octahydrophenanthrene according to the directions of Schroeter (61: 
by chromic acid oxidation of octahydrophenanthrene. 











H, H, 
— a % te 
He ty a 
Naphthalene sym. Octahydrophenanthrene 
3 steps 3 steps Cros 
Vv Vv Vv 
8 He q H, 
th H, Hy! H, 
H, He Hh H, Hy H, H 
1-Keto-1, 2, 3, 4- 4-Keto-1, 2, 3, 4- 1-Keto-1, 2, 3, 4, 5, 6, 7, 8- 


tetrahydrophenanthrene. tetrahydrophenanthrene. octahydrophenanthrene. 
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(i) PHENANTHROIC ACIDS, PHENANTHRYL PROPIONIC ACID, AND 





DERIVATIVES 
COOH 
a (SX) mua 
wOOC 
105 102 104 
He ( e 
CH2CH, COOH 
222 202 250 


TaBLE 9.—Phenanthroic acids, phenanthryl propionic acid and derivatives 























bility is 
ty F ncoor- : 
Position-substituent sz . . i —_ ian — Emesis a 
oil sion 
103 2-COOHs._____-_ 258. 5-260 | s.s..| N300| $200| S300] N 500 300 (—) 0. 5° 
mn SooeCk....._.......-... 96 | s....| N400 | S300 | N 400 | Sal 300 (1) 300’ | 300 (—) 0.5° 
Seeenils........0c-.----<< 242-243 | s.s_.| N300| S100| N300| N300.— |.....-.---... . 
102 3-COOH* 269-270 | s.s..| $100] $100] 8 100 | Sal 100 (2) 90° I{ 39) (—} 030 
70 3-COOCH: 95 | s....|N300| S200] N300] N 300 200 (—) 0. 5° 
10 3-CONH3 -7"] 933-984 | s.s_.| N300| S200] N300}] N300 [iv 
121 3-CON(CH3)3._. ~--|120. 5-121 | s....] $100] S100 | M 100 | Sal 100 (2) 60’ i00 (—Y 0.88 
104 9-COOH« ~~" |""252-254 | s.s_-| N300|_M200|*%S100] N 300 200 (—) 0.7° 
13 9-COOCH3.- 116 | s....| N300 | M 200| S200] N 300 
11 CONHs. 232-233 | s.s_.| N300| S$ 200|«S300| N 300 
100 (1) 2’, 1) 560 (_) 0. 8° 
328 3-COOCH3CH:N(C3H:):4_-| 202-202. 5] «....| M300 |7S100| S150 20 (1) 13? |} 30 (3 9S 
300 (2) 36’ 
329 9-COOCH;CHsN(C3Hs)3¢__| 171-171.5] «....| $100] $100 | ¢ $25 100 (1) 15’ | 200 (+) 
2208 OCR -ccccccccccccc]} 200 | s.s_-] N200 | 8 100 | #8 250 | Sal 200 (2) 300” | 100 (—) 0.5° 
ae 
202}1, 2 8 4, 6, 6, 7, B-octa- |$.....-.-- +___.|M 150] 4850 |¢ M 50 200 (1) 35’ | 200 (—) 0.9° 
To-*. 
250 3-CH;CH;COOH..________ 154-155 | s.__.| $300 |*M 200 | M 200 200 (4) 33’ | 200 (—) 0.5° 
251 3-CHsCH;COOCH;........| 61-62 | v.s.| N400| S300] S300 400 (1) 112° | 200 (-+) 0.8° 
252 3-CH3CH;CONH3._-_-____-- 161-162 | m.s_|*N 300} 8200] 8S 300 N 300 300 (—) 0. 3° 














Rs ™ — salts (3- and 9- are readily, 2- moderately soluble in water) did not differ in their effects from 
the free acid. 

> See text for description of incoordination, typical of this and other 9- derivatives. 

¢ With 400 mg per kg there is but a trace of the veratrine-like delayed relaxation. 

« The data refer to the hydrochloride in which form the substance was administered. 

« Soluble in water. 

f With 300 mg per kg 2 of 5 animals died within 12 hours. 

¢ Typical veratrine-like delayed relaxation. 

4 The data refer to the sodium salt in which form the substance was administered. 

* With 200 mg per kg 4 of 5 animals died, 1 within 5 hours, the others 12 to 24 hours after administration. 

i With 300 mg per kg 1 of 5 animals died within 5 hours. 

* Results suggestive in 3 animals, but for the group less than criterion for minimal] analgesic dose. 
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Of the three isomeric phenanthroic acids, the 3-acid was the most 
active, especially in analgesic effect. The order of decreasing effec- 
tiveness, 3-, 9-, 2-position, holds for all effects except incoordination. 
Activity was decreased, in the 3-isomer particularly, but generally also 
in the other two, by ester formation and by the formation of the 
primary amide. By converting the primary into the tertiary acid 
amide, the original effectiveness in all respects was restored (verified 
for the 3-isomer only). 

One would assume that the lipoid solubility (in the case of the 3- 
isomer) would increase from acid to ester, and from primary to ter- 
tiary acid amide; but the effect observed is an opposite one, a decrease 
in activity in the first, an increase in activity in the second case. 

The most characteristic phenomenon observed in connection with 
the carboxylic acid derivatives was the peculiar disturbance of coor- 
dination, which has been described (8) as a veratrine-like effect. An 
hour or more after administration, if an animal was made to jump 
from a table, it landed with the front paws still drawn up and the hind 
legs extended as at the beginning of the leap. Its normal position 
was regained slowly. If the animal was dropped onto the floor, as 
soon as its toes touched, the hind legs extended and the animal fell on 
its side with its body in the “leaping” position. Definite evidence of 
increased reflexes, other than this prompt extension of the hind legs 
when pressure was put on the toes, could not be elicited. The same 
phenomenon could be observed in rabbits after administration of 
phenanthrene-9-carboxylic acid. In cats, it has been seen after 
many other 9-position phenanthrene derivatives, but never with the 
2- or 3-acid, nor with any phenanthrene compound in which the sub- 
stituent was other than in the 9-position. With doses of 200 and 300 
mg per kg of the 9-acid, the effect persisted for 24 to 72 hours, the 
animal eventually recovering. It was exhibited in much less degree 
with the methyl ester and only slightly with the acid amide. The 
site of this peculiar delayed relaxation was investigated by Smith (11), 
who concluded that it was peripheral and on the muscle itself, since 
it could be elicited on direct and indirect stimulation with the sciatic 
cut and on direct stimulation in the curarized animal. Sodium 
phenanthrene-9-carboxylate did not produce this phenomenon in 
frogs, but instead elicited a morphine-like picture. 

Of the novocaine-type acid derivatives (328, 329, table 9), the 
3-isomer was less analgesic than the 9-isomer. This is the first in- 
stance observed in which this relationship existed and it is possible 
that here emetic action interfered with the development of other 
effects. The 9-derivative (329) showed more markedly the charac- 
teristic veratrine-like slow relaxation than any other 9-derivative; 
slight incoordination could be observed with doses as low as 25 mg 
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per kg. With all doses of No. 329 the effect on coordination was of 
brief duration. 

The 3-methoxy-9-phenanthroic acid was not materially different 
from 3-methoxyphenanthrene or 9-phenanthroic acid, except that the 
phenomenon of delayed muscular relaxation was decidedly decreased 
by the entrance of the methoxyl group in position 3. 

The octahydrophenanthroic acid (No. 202) was in all respects, 
including toxicity, more active than 9-phenanthroic acid. In par- 
ticular the characteristic veratrine-like delayed relaxation was ex- 
tremely marked. 

6-(3-Phenanthryl)-propionic acid (No. 250, table 9), like the car- 
boxylic acid series, was more effective in respect to analgesia, incoor- 
dination and emesis than the acid ester (No. 251) and the acid amide 
(No. 252), respectively. The amide was slightly more effective than 
the ester. In comparison with 3-phenanthroic acid the phenanthryl 
propionic acid was, except for emetic action, less effective, while the 
8-(3-phenanthryl) propionic acid amide (No. 252) was slightly more 
effective than 3-phenanthroic acid amide (No. 10). 

2- and 3-Phenanthroic acid are very conveniently prepared by heat- 
ing the corresponding acetylphenanthrenes with dilute aqueous so- 
dium hypochlorite solution (54). 


NaOCl 
CywH,COCH; ——a> C,4H»,;COOH 


9-Phenanthroic acid is obtained by saponification of 9-cyanophen- 
anthrene, which can be prepared readily by heating 9-bromophen- 
anthrene with cuprous cyanide (43). 


CuCN 
( 14H i-—@-—> Cy, Ho Br —>C,,H, CN——>-C:, H, COOH 


The acid amide derivatives were prepared in the customary way by 
treating the acid chlorides with ammonia or dimethylamine (55). 


NH;——> C,H» CON H; 


SOCI, 
C\,H»>COOH-——> C,H, COC 
NH (CHs) 2——> C,H, CON (CHs)2 


8-Diethylaminoethyl-3- and -9-phenanthroate hydrochloride were 
prepared by the action of 8-diethylaminoethyl alcohol on the re- 
spective (3- and 9-) phenanthroyl chlorides (42). 


C,4H»COCI+ HOCH,CH.N (C,H;),-——+C,, Hy COOCH,, CH;N (C,H;) HCl 


3-Methory-9-phenanthroic acid was obtained by sodium hypo- 
chlorite oxidation of the corresponding methyl ketone (60, 49). 

1, 2, 8, 4, 5, 6, 7, 8-Octahydro-9-phenanthroic acid was prepared by 
the Friedel-Crafts reaction with oxalyl chloride and sym.-octahydro- 
phenanthrene (25). 
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B-(2-Phenanthryl)- and B-(8-phenanthryl)-propionre acid were pre- 
pared by catalytic reduction of the corresponding 6-(2-phenanthry]l)- 
and £-(3-phenanthryl)-acrylic acid. The latter could be readily 
obtained by the action of malonic acid on the corresponding aldehydes 
(method of Perkin and of Robinson (62)) (42). 





CH.2(COOH), H, 
CyH,CHO ~C,,H,»CH =CHCOOH——C ,H,CH,CH,COOH 
pyridine Pt 
SUMMARY 


Among the “simple” phenanthrene derivatives, the 3-derivatives, 
carrying in position 3, OH, NH:, COCH;, CH,OH, CHOHCH;, 
COOH, were in almost all respects more effective than the correspond- 
ing 2- and 9-derivatives; 3-hydroxyphenanthrene was also more 
effective than the corresponding 4- and 1-derivatives. It may be 
pointed out that the 3-derivatives, on the whole, have in comparison 
to the 2-derivatives but not to the 9-derivatives, lower melting points 
and a greater solubility in the common organic solvents. 

By alkylation or acetylation of the mono- and _poly-hydroxy- 
phenanthrenes (including morphenol) the effectiveness was decidedly 
decreased. The same relation held true with the carboxylic acids and 
their derivatives, esters, and amides. It is safe to assume that the 
methy] ethers and esters have a higher lipoid solubility than the free hy- 
droxy or carboxylic acid derivatives. The higher activity of the latter, 
then, may be caused by their acid character. A similar relation in activ- 
ity can be observed in the pair morphine-codeine. Practically all mor- 
phine derivatives within a useful range of activity contain a free 
phenolic hydroxy] in position 3. Noteworthy exceptions are Acedicon 
and Eukodal, both of which carry a methoxyl group in position 3. 
In these cases, it may be assumed that the acid character, within the 
base, which is apparently necessary for a certain grade of effectiveness, 
is guaranteed by the additional hydroxyl (position 14) in Eukodal and 
by the enolic acetoxy] (position 6) in Acedicon. 





‘ Dihydrohydroxycodeinone Sa eee ta 
Morphine. dihydrothebaine 
(Eucodal). : 
(Acedicon). 


Methylation of the amino group (attached directly to the nucleus) 
decreased apparently uniformly the effectiveness. This is true with 
the phenanthrene derivatives, as well ‘as-‘with. the corresponding 
9, 10-dihydrophenanthrene derivatives and’ to some. degree with the 
corresponding 1, 2, 3, 4-tetrahydrophenanthrene derivatives. 
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An interesting side action was seen, to a greater or less degree, with 


the majority of phenanthrene derivatives, carrying a substituent in 
position 9. This action consisted in a peculiar type of incoordination, 


Ho SO KER 
- eae 


2-COCH, —-2-COCH,CH, | 2-S0,H_ 3- an 2-COCH, 3-COCHy | 3-COCH,CHy 9-COCH 9-COCH,CH, 
2-NH, -—— 2-NO; 2-0H = 3- . 2- \ 3-NH, 9,10-quinone 










3-OH [ 3-OH 9-OH 9-OH 
4-NH, | 9-NH, 1O-NH, 
3-OH | 3-O0COCH, \ 

4-OH | 6-OCOCH, 9-Br 





3-OH 3-00, | rr 
6-COCH, 9-COCH 9-CN as 
soon . | atom, | 
9-COOH 2-COOK 3-COOKH =: 9-COOH | 9-COOHK 


| 


2-cHO 3-CHO —-9-LHO 9-NH, 








3-CH,CH, COON 








h, My H, mn 


The compounds underlined serve as starting materials to the amino alcohols 
discussed in part 2. 


characterized by veratrine-like delayed relaxation, and was particu- 
larly apparent in the derivatives of the 9-carboxylic acid, the most 
active among them being 8-diethylaminoethyl-9-phenanthroate (No. 
329). 
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No generalizations can be made as to the influence on pharmacolog- 
ical action of the entrance of another substituent in a given mono- 
substituted phenanthrene. The changes in pharmacological action 
are very likely dependent to some extent upon changes in chemical or 
physical properties, among others, differences in acidity or basicity, 
and in solubility. There was a decided increase in effectiveness from 
3-hydroxyphenanthrene to 3, 4-dihydroxyphenanthrene, but at the 
same time, also, from 3-hydroxyphenanthrene to 3-hydroxy-4- 
aminophenanthrene. 3-Hydroxy-9-amino- and 9-hydroxy-10-amino- 
phenanthrene were less effective, as could be expected on account of a 
mere neutralizing effect of the substituents, than the correlated mono- 
substituted compounds: 3-hydroxy-, 9-hydroxy-, and 9-amino-phe- 
nanthrene, respectively. The pharmacological data on the acetyl- 
phenanthrenes carrying an additional phenolic hydroxyl in the nus 
cleus, equally, do not permit any conclusions. The decrease in 
“veratrine-like action” of the 9-phenanthroic acid by entrance of a 
methoxyl group in position 3 appears to be worth mentioning in this 
connection. 
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Of this series (table 10 A and B) the most interesting and most 
striking in its effects is No. 150, (3-[2-(diethylamino)-1-hydroxy-ethy]] 
phenanthrene). The minimal effective analgesic dose was 40 or 
38.5 mg per kg of base. One animal was definitely hyperirritable 
an hour after administration. With 50 mg the cats were quieter at 
first but two were excited at 5 hours. All trembled when handled 
and all developed a stiff-legged ataxic gait. With 60 mg the pupils 
were dilated and three cats were hyperactive. With 100 mg all of 
the cats were restless and excitable, the pupils were dilated and three 
animals had one or more convulsions but recovered. The dilated 
pupils, the restlessness, the stiff-legged, arched-back attitude, changing 
abruptly to violent squirming during the hyperirritability phase of 
the action of the drug gave an appearance very like that of mor- 
phinized cats. The heart rate was decreased, the respiratory rate 
increased, and the rectal temperature decreased, the last often after 
an initial rise. In mice, morphine-like turning and erection of the 
tail did not occur; in rabbits, doses of 20 and 40 mg per kg did not 
decrease respiratory activity, and doses up to 100 mg per kg in a 
Thiry-Vella loop dog did not definitely modify intestinal activity. 
The order of decreasing analgesic effectiveness of the three amino 
alcohols was diethylamino- (No. 150)—>piperidino- (No. 151)—>dimeth- 
ylamino- (No. 149). The third member produced no excitement 
or convulsions; the second (No. 151) caused less excitement than No. 
150. and was less convulsant. 

"he amino ketones, like the amino alcohols, increased the respiratory 
rate in the cat, but had relatively less effect on the heart rate. Both 
groups affected the body temperature in a similar manner. (See note 
1, tabie 10, for typical effect.) 

The veratrine-like delayed relaxation, characteristic of many of the 
9-derivatives, was not seen with the 9-dimethylamino compound 
(No. 152). The effectiveness of the substance in comparison with the 
corresponding 3-derivative was definitely decreased. 

If the alcoholic hydroxy] in the most active amino alcohol (No. 150) in 
this group was replaced or ‘‘muzzled’’ by acetylation, a product (No.325) 
was obtained that had only slightly less analgesic action than No. 150, 
but was decidedly less emetic, less toxic, and less convulsant (for both 
cats and mice). The primary amino alcohol (No. 286) was less anal- 
gesic than any one of the three tertiary compounds (Nos. 149, 150, 
and 151), was apparently not convulsant, but it was very emetic and 
showed a greater degree of toxicity. 

The effectiveness of the amino ketones (table 10 A) decreased in most 
respects in the order dimethylamino- (146)-—>diethylamino- (147) 
piperidino- (148). They were, as a whole, less effective than the amino 
alcohols. 
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The tertiary amino ketones and amino alcohols were prepared by 
Mosettig and van de Kamp (63) from the corresponding acetyl- 
phenanthrenes as follows: 


Brz HNR, 
C,,H»,COCH;———>C;,H, COCH, Br C, , H, COCHN R, 


Hi; 
en -NR,= -N(CHs3)a, -N(C2Hs)2, -NC;Hio 
t 


The primary amino ketones and alcohols had to be prepared by a 


different route (42): 
C;sH,,ONO 
CywH,COCH; >Cy44H»,;COCH:NOH 


SnCl, H; 
aaa ti cease Cy.H,»,CHOHCH,NH; 
t 





The isonitrosoacetylphenanthrenes were obtained according to the 
method of Claisen and Manasse (64) by treating the corresponding 
acetylphenanthrenes with amyl nitrite and sodium alcoholate. 
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In the “ephedrine type’ series (287, 221, 288, 220, table 114A), 
there was only a slight difference, in analgesic action, between the 
dimethylamino and diethylamino compounds. Comparing the ter- 
tiary amino alcohol (221), the secondary (228), and the primary (220), 
there was only a slight difference between tertiary and secondary 
amine, but a great decrease in analgesic action from tertiary to pri- 
mary amine. The primary showed the lowest depressant and the 
highest emetic action of the three. Compared to their lower analogs 
of the type -CHOHCH,.N<, these propanolamines appeared de- 
cidedly less effective in most respects (compare the two tertiary 
amino alcohols 221 and 150 and the two primary alcohols 220 and 286). 

In the propanolamines of the type -CHOHCH,CH2.N< (352-354, 
table 11B), the diethylamino was slightly more analgesic and less 
convulsant and emetic than the piperidino compound. Contrast 
this with the very great decrease in activity observed with the tetra- 
hydroisoquinolino compound (No. 354). Whether or not this great 
difference was due to the very low solubility of No. 354 or to some 
other effect of the basic group cannot be decided. Poor solubility 
alone seems an insufficient explanation in view of the great difference 
in solubility between Nos. 352 and 353 with little difference in physio- 
logical effect. 

In comparison to their respective lower homologs, -CHOHCH,NR,, 
the diethylamino alcohol (352) and the piperidino alcohol (353) ap- 
peared more analgesic, more convulsant, and more emetic, but the 
margin between minimal analgesic dose and minimal convulsant or 
emetic dose was much less favorable than in the lower series. 

It is known that compounds like adrenaline, ephedrine, and numer- 
ous analogs of the general 6-phenylethylamine type exhibit the so- 
called sympathomimetic action in higher degree in contrast to similar 
derivatives that carry the nitrogen either closer to or further re- 
moved from the benzene nucleus. An analogous differentiation in 
activity between the phenanthrene derivative carrying the side chains 
-CHOHCH,NR, and -CHOHCH(CH;)NR,; (N in B-position), on the 
one hand, and the chain -CHOHCH,CH.NR; (N in y-position), on 
the other hand, could not be observed. The y-series of compounds 
was relatively even more effective than the §-series in respect to anal- 
gesic and other effects. In neither of the series (8- or y-) was vaso- 
constrictor activity noted; if any effect on the vasomotor mechanism 
was present it was rather vasodilator in character. 











SYNTHETIC SUBSTANCES 


79 


The “ephedrine analogs’’ in the phenanthrene series were prepared 


according to the scheme: 


HNR, 


Br. 
C,.H,COCH,CH;—>C,,H,COCH(Br)CH,-—— 


H 
CyuHy»COCH(CHs) NR +CuH)CHOHCH (CH;) NR; 
t 


-NR,= -NHC.Hs, -N(CHs3)2, -N (C2Hs)2 


C,H,ONO Hz 
Cy.H,COCH.CH;—————>C,,H , COCH (CH3) : vues” 


H 
Cy4.H,COCH(CHs) NHC ,H,CHOHCH (CH) NH: 
t 


In all instances only one form of the two possible diastereomeric 
racemic compounds was obtained by reduction of the respective amino 


ketones. 


A detailed description of the experiments concerned with 


these compounds and their analogs in the 2- and 9-series will appear 
elsewhere in a communication by Mosettig, Czerwin, and Krueger. 

The amino alcohols of table 11B were obtained by catalytic reduc- 
tion of the corresponding amino ketones, which were prepared by 
Mannich’s method, as described by van de Kamp and Mosettig (65). 


CH,0, HNR, 
Cy.H»,COCH; 





-NR,= -N(C2Hs)2, -NCsHw, -NCpHio 


(c) PHENOLIC AMINO ALCOHOLS 


HO 


CHOHC Hp NR, 


C H30 


~ 


—C4H»COCH2CH:2N R.-C,4Hy»p CHOHCH,CH;N R; 


CHOHCHNR, 


Ck) 


TABLE 12.—Phenolic amino alcohols. 
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All of the data ofthis table refer to the hydrochlorides in which form the substances were administered. 
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Number 235 (table 12) was synthesized for comparison with No. 150 
(which is No. 255 minus the phenolic hydroxyl) in order to determine 
whether the augmenting effect exerted by the free phenolic hydroxyl 
in the morphine group would be likewise exhibited in the phenan- 
threne series. The result was disappointing, since in respect to 
analgesia No. 255 was less than half as effective as No. 150. The 
former, however, was less convulsant, although of the same order of 
toxicity. Also it did not produce the morphine-like excitement seen 
in cats with moderate doses of No. 150. 

Acetylation (No. 256) of one of the hydroxyls (the alcoholic hy- 
droxyl) of No. 255 restored the analgesic effectiveness about to the 


Pyridine & ‘ ; (CHsCO),0 


(omcco)e0 HO CHOHCHgN(CzHs), CH COONa 
eat 
S-Hydroxy-6-[2-(diethylemino)-l-hydroxy] 
ethylphenanthrene 


BQ 6d 


CHO(COCH,) CHMCeHy), CHO{COCHSICHN(CaHed 
Monoacetyl derivative Diacetyl derivative 








level of that of No. 150 without causing the appearance of exciting 
action, of increased toxicity, or of convulsions. Compare this with 
the augmenting effect of acetylation of the alcoholic hydroxyl in the 
morphine series. The introduction of a methoxyl group (No. 284 
compared with 152) quite definitely increased effectiveness, especially 
analgesic action. Depressant and emetic effects were also increased. 

The hydroxy (methoxy) amino alcohols were prepared by the proce- 
dure adopted by us for the preparation of the simple amino alcohols, 
starting from 3-hydroxy-6-acetylphenanthrene and 3-methoxy-9- 
acetylphenanthrene (49). The acetylation of 3-hydroxy-6-[2-(diethyl- 
amino)-1-hydroxy-ethyl]-phenanthrene yields, depending on _ the 
experimental conditions, either a monoacetyl or a diacetyl derivative 
(22). 
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Most of the members of this group surpassed in effectiveness the 
previously investigated amino alcohols which contain the alcoholic 
hydroxyl and amino group in the side chain. Unfortunately this high 
degree of activity concerned convulsant and emetic as well as analgesic 
and depressant effects; the minimal effective convulsant and emetic 
doses were as low or in some cases even lower than the minimal effec- 
tive analgesic doses, and even in the absence of convulsions incoordina- 
tion was marked. Whether these results were caused by the 9, 10- 
hydrogenation or by the shift of the amino alcohol side chain cannot be 
discussed, since at present neither 2-amino alcohols derived from non- 
hydrogenated phenanthrene, nor 3-amino alcohols derived from 9, 
10-dihydrophenanthrene are available for comparison. The order of 
decreasing effectiveness of the members of group A (table 13), based 
upon their analgesic power, was -NC;Hio, -N(C2H;)2, -N(CHs3)2. The 
diethylamino ketone (No. 382), in accordance with the previously 
described comparative effectiveness of amino alcohol-amino ketone, 
was only half as analgesic as the corresponding amino alcohol (No. 
342) and also in other respects was less effective. The extremely low 
effectiveness of the tetrahydroisoquinolino compound (No. 346) was 
very striking. In this case it seems certain that the poor water- 
solubility, which is about the same as that of the piperidino compound 
(No. 344), cannot account for the low activity. Acetylation, sur- 
prisingly, in each of the four instances in this series, brought about 
practically no change in effectiveness. 

The compounds of group A quickened the respiration moderately, 
frequently slowed the heart siightly, and quite uniformly brought 
about an initial rise in rectal temperature, whether or not convulsions 
occurred, which with the larger doses might be succeeded or sometimes 
replaced by a slight fall. The high degree of analgesic action with 
the more soluble compounds which could be given by intramuscular 
injection, is also noteworthy. With the dimethylamino and diethyl- 
amino derivatives a slight degree of exciting effect was noted with 
doses at or near the convulsant level. This manifested itself prin- 
cipally in signs of terror and resistance to handling; except for actual 
convulsive movements, the animals were mostly quiet in their cages. 

The three members of group B (table 13) were in all respects very 
similar to the corresponding members of group A. Again the tetra- 
hydroisoquinolino compound was very inactive. In this case water- 
insolubility was very unfavorable. The diethylamino and piperidino 
compounds (Nos. 348 and 349) were slightly less analgesic than their 
lower homologs (Nos. 342 and 344), but exhibited equally great 
convulsant and emetic effects. 

The amino alcohols listed in tables 13A and 13B were prepared 
from 9, 10-dihydro-2-acetylphenanthrene in essentially the same way 
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as their nonhydrogenated analogs as described by Burger 
Mosettig (21). 


CuH;,COCH;—>Cy,H:, COCH,Br>C,4H;,; COCH.N R- 
CywH;,CHOHCH,NR,-C,,.H;,;CHO(COCH;) CH,NR, 


CywH,,COCH,CH;-Cy4H;,;COCHBrCH;—C,,H:; COCH(CH;) NR.— 
CywH;,CHOHCH(CH;) NR,-C,,H;;CHO(COCH;) CH(CH;) NR, 
-NR,= -N(CHs)2, -N(C2Hs5)2, -NCsHi0, -NCoHio 





and 
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Early vomiting was characteristic of members of group A, table 14, 
when the substances were administered orally, probably in part at 
least due to local irritation, and occurring often before there was time 
for complete absorption. Therefore, development of full effect with 
oral doses could not be observed and caution must be exercised in 
making comparisons. With the few intramuscular doses that were 
given, the incidence of vomiting was less. Tentatively the substances 
may be placed in the order of decreasing analgesic effectiveness, 
diethylamino- (278), dimethylamino- (263), piperidino- (279). The 
emetic action of the three was practically the same. If comparison is 
made of the effect of oral doses, the octahydro-9-dimethylamino 
alcohol (No. 263) would seem to be less analgesic than the non- 
hydrogenated 9-dimethylamino alcohol (No. 152); but on account of 
the high emetic action of the octahydro derivative it is doubtful if 
this is the true relation. 

The amino alcohols of group B (table 14) were a little less emetic 
and perhaps on this account more analgesic action was observed with 
oral doses. The two secondary amino alcohols (Nos. 282 and 283) 
were apparently less analgesic than the tertiary amino alcohol (No. 
280). Also the piperidino alcohol (No. 281) was less effective than 
the dimethylamino (No. 280), although the latter was the more emetic. 

The amino alcohols in table 14A were prepared from 9-acetyl-1, 
2,3, 4, 5, 6, 7, 8-octahydrophenanthrene essentially in the same way as 
their nonhydrogenated analogs from 3-acetylphenanthrene (25). 


CuH,;COCH, 3 §tP8 C,,H,,CHOHCH,NR; 


CuH;;COCH.CH, ® St¢PS ¢,,H,,CHOHCH(CH;) NR; 


-NR,= -NHCH;, -NHC2Hs, -N(CHs)2, -N(C2Hs)2, -NCsHi0 
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Among the cyclic amino alcohols of table 15 there are three pairs 
of isomers, a 2, 1-series and a 3, 4-series, but the relationships within 
a series or between the series are not entirely regular. The group as 
a whole possessed considerable analgesic power but were convulsant 
and quite emetic. The margin between analgesic and convulsant 
doses was wider in the 2, 1-series. The compounds may be arranged 
in order of decreasing effectiveness according to substituents as 
follows: 

Order of decreasing effectiveness 


Analgesia Convulsions Toxicity Emesis 
3, 4-series 
-NC,Hio -NC;Hi0 -NC;Hio -N(CH;)2 and 
-NC;H1 and -NC,Hio -N(CHs)2 -N(C,Hs)2 
-N(C2Hs)2 -N(CHs3)2 -NC,Hio -NC;Hio 
-N(CHs)s -N(C,Hs5)2 -NC,Hio 
2, 1-series 
-NC;Hio0 -N(CHs3)2 -NC;Hio -N(CHs)2 
-N(CHs)2 -NCsHio -N(CHs)2 -NC;Hio 
-NC,Hio -NC,Hio -NC,Hio -NC,Hio 


Changes in heart rate were not marked when these substances were 
administered, but a slight to moderate quickening was not infrequent. 
The respiratory rate was almost invariably increased, sometimes very 
greatly. An initial rise in temperature was very frequent, being most 
uniform and most persistent with No. 259. Often with the other 
substances a slight secondary fall was noted. 

An interesting effect on the isolated frog’s heart, exhibited to a very 
high degree with No. 259 and to a lesser degree with other members 
of the group, has been observed (66). This consisted in an effect on 
conduction, amounting to a complete blocking of ventricular contrac- 
tion, and obtainable with a dilution of No. 259 as high as 1: 500,000 
(Straub heart perfusion method). So far a similar effect on the mam- 
malian heart has not been obtained. The study of the phenomenon 
is being continued to determine the conditions under which it may 
be obtained and its mechanism. 

It is noteworthy that among these cyclic amino alcohols as compared 
with the “straight chain” series (table 13), the tetrahydroisoquino- 
lino derivatives showed a high degree of activity. 

The acetyl product, No. 351, was prepared in order to study the 
influence of “‘muzzling”’ the alcoholic hydroxyl. It is, however, only 
sparingly soluble and the results must be interpreted with caution. 

The amino alcohols listed in table 15 were prepared according to 
Mosettig and Burger (67), starting from 1-keto- and 4-keto-1, 2, 3, 
4-tetrahydrophenanthrene, respectively. By bromination, the bro- 
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mine enters in the a-position to the carbonyl group, and is then ex- 
changed with a tertiary amino group. The resulting amino ketones 
are finally reduced catalytically to the corresponding amino alcohols. 
Although in this procedure the formation of two diastereomeric forms 
can be expected, actually in all the cases only one form is produced. 


£8 AA AEH 
He Hz He 
’ 3 = “4, 
a <> <> i 
He 0 r 0 RN 0 RN 


-NR,= -N(CHs)2, -N(C,Hs5)2, -NC;Hio, -NC,Hio 
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The amino alcohols of table 16 for the most part produced a picture 
qualitatively like that of their lower homologs (table 15), but a uni- 
form quantitative relationship between the corresponding members 
of the two groups could not be established. For example, the higher 
piperidino compound (No. 386 of table 16) had about the same anal- 
gesic action but was more convulsant than its lower homolog (No. 261 
of table 15); the higher diethylamino alcohol (No. 384 of table 16) 
was more analgesic, more convulsant, and more emetic than No. 309 
of table 15; but the higher tetrahydroisoquinolino alcohol (No. 407 of 
table 16) was less analgesic, convulsant, and emetic than No. 259 
(table 15). The duration of action was briefer with the higher 
homologs. 

In accordance with previous experience, the diethylamino ketone 
(No. 383) was less analgesic and depressant, less convulsant, and 
probably less toxic than the corresponding amino alcohol (No. 384). 
The piperidino ketone (No. 385) was hardly less analgesic except in 
duration of action, but was less depressant and less convulsant than 
the corresponding piperidino alcohol (No. 386). 

The tetrahydroisoquinolino compound (No. 407) is the most inter- 
esting member of the series. With a dose as small as 25 mg per kg 
three of five animals showed the rubbing and rolling (‘‘pleasure signs”’) 
characteristic with small doses of morphine and its derivatives. 
With 40 mg per kg all of the cats showed morphine-like restlessness, 
exaggerated when the animals were handled. With 75 mg per kg 
the picture was indistinguishable from that produced by morphine— 
motor excitement, jerky purposeless movements, dilated pupils, 
increased heart rate, increased temperature, and moderate analgesia. 
Even with 100 mg per kg there was no apparent increase in reflexes 
and no convulsant action. It will be remembered that the lower 
homolog (No. 259) did not produce morphine-like excitement but was 
convulsant with three times its analgesic dose. Neither substance 
caused vomiting; salivation occurred more frequently with No. 259. 

The amino ketones and amino alcohols listed in table 16 were pre- 
pared by the application of the ‘“Mannich amino ketone synthesis”’ 
to 1-keto- and 4-keto-tetrahydrophenanthrene, respectively (48). 
Also in this series, only one of the two possible diastereomeric racemic 
amino alcohols is formed in the catalytic reduction of the correspond- 
ing ketones. 
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oMRg = -N(Celgles “MCgHies “MCeHy0 
SUMMARY 


In the group of amino alcohols carrying the nitrogen and the alco- 
holic hydroxyl in a side chain the diethylamino alcohols showed, 
generally, the highest analgesic and depressant action; the dimethyl- 
amino derivative was least active and the piperidino compounds were 
usually intermediate; the last were often the most toxic. Compara- 
tively, the py-tetrahydroisoquinolino derivatives were exceedingly 
low in analgesic action. 


Schematic review of the preparation of the principal compounds of Part II. 


= ~COCHs 
1] ay, \\ 3+ COCH, wl. | i 
<3. COCH,CHy 
—_ Sees 9-COCHs ~ COCHINOH - COCH, Br - COCH,CH,NR, 
= cocH, NH, a COCH,NR, 
——> 6-COCH, | 
~ CHOHCH,NH, - CHOHCH,NR, = - CHOHCH,CH,NR, 


——>3-COCH, 
- COCH, CH, 
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~COCH(NOH)CH, ~ COCHBrCH, 
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The propanolamines of the type -CHOHCH(CH;) NR, were, gener- 
ally, less active than the lower homologs, -CHOHCH,NR,, and the 
latter were less active than the propanolamines of the type -CHOH- 
CH,CH,NR;. 

In the few cases available for comparison the primary amino 
alcohols were decidedly less effective than the tertiary alcohols, but 
were more emetic. No definite conclusion could be drawn as to the 
effect of introducing a phenolic hydroxyl group into the phenan- 
threne nucleus of these amino alcohols. The amino alcohols derived 
from 9, 10-dihydrophenanthrene were, with the exception of the 
tetrahydroisoquinolino derivatives, highly analgesic but at the same 
time they were very convulsant. 

The amino alcohols derived from sym.-octahydrophenanthrene 
appeared to be locally irritant, since vomiting occurred very soon 
after oral administration. This interfered with correct evaluation 
of their activity. 

Relatively the most powerful synthetic analgesics were found 
among the so-called “cyclic amino alcohols,” grouped in tables 15 
and 16. It should be noted that here the isoquinolino derivatives, in 
contrast with the isoquinolino alcohols carrying the basic group and 
the alcoholic group in a side chain, showed an activity equal to, or 
higher than, that of the other members of their respective groups. 

It is perhaps of special interest that one of these isoquinolino com- 
pounds (No. 407) produced in the cat a very typical morphine-like 
picture without evidence of any convulsant action and almost with- 
out any emetic effect. 
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3. Derivatives of Other Condensed Ring Systems 


(a) DIBENZOFURAN, TETRAHYDRODIBENZOFURAN, AND SIMPLE AMINO, 
CARBONYL, AND CARBOXYL DERIVATIVES 











H, 
He 
0 He 
189 334 
TABLE 17.—Dibenzofuran, tetrahydrodibenzofuran, and simple amino, carbonyl, and 
carboryl derivatives 
Positi bsti M.p pai, Anal- a — — E Rectal tem- 
osition-substituent | “on” |. 4, + \Of dura-| depres- na- mesis 
C. in — gesia tion sion tion perature 
189 Dibenzofuran_-__- 84-85 | s__.__- W 600 1........ S 300} 8S 500] N 500 500 {=} 0.7° 
334 1 3 3, 4-tetrahy- oll | v.a...1) Oe 0ee'1......... S 200} S 300} N 300 300 (—) 0.6° 
ro- 
190 3-N H2 @____-..-_-- 98 | v.s_.-| M 40 5+ |>M 25 S 25 25 (3) 100’ 25 (—) 2.4° 
333 3-N(CH3)2¢_------ 191-193 |......-- 8 40 —5 8 30 8 40 40 (1) 40 = 0.7° 
191 2-COCH3_-_-_-_.--_-- i N 300 |.--.---- 8 100} S 300 100 (1) 286’ 100 (—) 0.6¢ 
228 2-COCH:2CHs3.----. 100-101 | S_.---- 8 400 -5 | 8 200] N 400| N 400 400 (—) 0.5¢ 
229 2-CHOHCH:3..-.-- Gb-64 | S...... S 200 5+ | 48200} S 200 300 (1) 103’ 300 (—) 1.0° 
335 7-COCH3.......-. 7-68.5 | v.s_..| M 300 5+ | S 200} S 300] N 300 300 (—) 0.5¢ 
3 3, 4-tetrahy- 
ro- 
ro be | _ i —— es, ee M 200 5+ | M 200 | M 200 | Sal 200 (2) 60’ 200 (+) ..-. 
290 2-COOCH3_-.-_-..- 83-84 | S...... N 300 |....---- 8 200; S 200} N 300 200 (—) 0.6° 





























*All (except 333 and 289) practically insoluble in water. 

° The hydrochloride is only sparingly soluble in water, hydrolyzes. Administered as base. 

+ With 100 mg per kg 3 of 5 animals died within 5 hours, a fourth animal died the next morning. 

¢ Data refer to hydrochloride (85.2 percent base) in which form the substance was administered. Solu- 
bility 1.2 parts per 100 cc of water. 

4 All animals to which this substance was administered (200 and 300 mg per kg) died, 1 within 24 hours, 
the others within 72 hours, strongly suggesting a delayed toxic action, since the effect during the first few 
hours after administration was not unusually pronounced. 

« Easily soluble in water. 


Dibenzofuran behaved pharmacologically similarly to phenanthrene, 
but caused less muscular disturbance and less decrease in temperature 
(table 17). Like phenanthrene it had no analgesic effect. The 
tetrahydro compound (No. 334) was slightly more effective than the 
non-hydrogenated derivative (No. 189). The 3-aminodibenzofuran 
(No. 190) was in every respect, but especially in action on temperature 
and emesis, more effective than 3-aminophenanthrene (table 4). The 
3-dimethylaminodibenzofuran (No. 333) was less analgesic, less de- 
pressant, and less emetic than the primary compound (No. 190); a 
parallel drop in activity from the amino to the dimethylamino com- 
pound was observed in the phenanthrene series also. 2-Acetyldiben- 
zofuran (No. 191) was similar to 3-acetylphenanthrene (table 7), 
but, as in the phenanthrene series, the effect increased slightly from 
2-acetyldibenzofuran to 2-propionyldibenzofuran (No. 228). The 
2-dibenzofuran methyl carbinol (No. 229) was more analgesic than 
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any of the three isomeric (2-, 3-, 9-) methyl carbinols, in the phenan- 
threne series, but was at the same time also more toxic. (See footnote 
d, table 17.) On the other hand, the free dibenzofuran carboxylic 
acid was less analgesic than phenanthrene-3-carboxylic acid, but in 
both series analgesic activity was decreased by esterification. Acetyl- 
tetrahydrodibenzofuran (No. 335) was definitely more analgesic than 
the analogous non-hydrogenated compound. 

In comparing dibenzofuran and phenanthrene derivatives it should 
be remembered that in the former series position isomers have not yet 
been studied, so that we do not know whether a difference exists in 
this respect as with the phenanthrenes, or whether the particular 
dibenzofuran studied is the most effective among its possible isomers. 

The dibenzofuran used for this purpose was obtained by distilling 
over sodium a dibenzofuran (m. p. 82—84°) purchased as “‘diphenylene 
oxide, pure’ from Gesellschaft fiir Teerverwertung, Duisburg- 
Meiderich. 

1, 2, 3, 4-Tetrahydrodibenzofuran was prepared by reduction of 
dibenzofuran with sodium and cyclohexanol (68, 69). For catalytic 
reduction see Cullinane and Padfield (70). 

3-Aminodibenzofuran was obtained by reduction of the correspond- 
ing nitro derivative, according to Borsche and Bothe (71, 72). The 
numbering of dibenzofuran is in discrepancy with that used in previous 
and current literature, and therefore also in discrepancy with the 
numbering of the analogous carbazole. (See footnote 5 in the paper 
by Mosettig and Robinson (72).) 

8-Dimethylaminodibenzofuran was prepared by methylation of the 
primary amine with methyl iodide and sodium acetate. Kirkpatrick 
and Parker (73) quote for the hydrochloride, m. p. 230—-232°, and for 
the free base m. p. 96°, while the respective melting points found by 
us are 191—193° and 99-100°. 

2-Acetyldibenzofuran and 2-propionyldibenzofuran were prepared by 
the method of Friedel and Crafts (74, 75, 76). 

2-Dibenzofuryl methyl carbinol was prepared by catalytic reduction 
of 2-acetyldibenzofuran (absolute alcohol, platinum oxide) (76). 

1, 2, 8, 4-Tetrahydro-7-acetyldibenzofuran was prepared by the 
Friedel-Crafts reaction on 1, 2, 3, 4-tetrahydrodibenzofuran (77). 
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The pharmacological results with this group (table 18), partic- 
ularly in regard to analgesic effectiveness, may be summarized as 
follows: The amino ketones, the dimethylamino- (192) and the 
diethylamino- (291), were less effective than the corresponding amino 
alcohols (193 and 292). The effectiveness in the series of the ter- 
tiary amino alcohols decreased in the order diethylamino- (292)— 
dimethylamino- (193)— piperidino- alcohol (194), and decreased, as 
was to be expected, from the tertiary diethylamino alcohol (292) 
through the secondary ethylamino alcohol (311) to the primary amino 
alcohol (310). 

Hydrogenation (336) seemed not to bring about any particular 
increase in effectiveness, but since the two compounds compared (336 
and 193) carry the alkamine side chain in different nuclear positions, 
a definite conclusion cannot be drawn. 

The piperidino alcohol (194) was apparently the most convulsant 
(in cats}, the primary amino alcohol (310) the most emetic, which 
facts are also in accordance with the results with analogous compounds 
in the phenanthrene series. If one compares corresponding amino 
alcohols (or ketones) of the phenanthrene series (carrying the side 
chain in position 3) and of the dibenzofuran series (side chain in 
position 2) one finds: 

-COCH,N(CHs)2 146 (phenanthrene) 192 (dibenzofuran) 

192 more analgesic, more emetic, more convulsant 
-CHOHCH:N(CHs): 149 (phenanthrene) 193 (dibenzofuran) 
193 more analgesic, somewhat more toxic and convulsant 
-CHOHCH;N(C2Hs)2 150 (phenanthrene) 292 (dibenzofuran) 
292 more analgesic, more convulsant, more toxic, but causes no excitement 
-CHOHCH,NC;H i 151 (phenanthrene) 194 (dibenzofuran) 
194 not more analgesic, but more convulsant and definitely more toxic, causes no 
excitement 
-CHOHCH.NH, 286 (phenanthrene) 310 (dibenzofuran) 

310 more analgesic and more emetic 

The dibenzofurans of this series, like the corresponding phenan- 
threnes, usually quickened the respiratory rate, and often caused a 
brief initial rise in temperature, the only substance which did not do 
so being No. 310. 

All the amino ketones and amino alcohols listed in table 18 were: 
prepared by Mosettig and Robinson (76, 78) by methods applied 
previously to analogous compounds in the phenanthrene series (see 


page 75). 
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(Cc) BENZOFUROQUINOLINES (PYRIDINODIBENZOFURANS) 
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TABLE 19.—Benzofuroquinolines (pyridinodibenzofurans) 
Hine M.p..°C | Solubility in | Anal- |@@eral|Incoor- Rectal 
base | sro it TN water gesia — —- Emesis temperature 
— — ea 
230} 85.7 |{ nase 106-100.2.27 1)" s........--| N 200} $200] N 300 None} 300 (—) 1.5° 
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232 | 86.7 pase 72-78. 22. |J()--------- M 200 | M200} $200}  200(2) 80’ | 200 (-) 0.7° 
233 | 85.7 ‘aces 168-100... ne a $300 | $200] N 300 200 (3) 92/ 200 (—) 0.3° 
234 | 85.9 {Base ica 2m We oes N 300} 3200| N 300 200 (1) 15’ 200 (+) 0.7° 
235 | 86.7 iv eB. | fm. 8.(¢)------| M200 | M200} $300 | — 200(3) 122” | 300 (—-) 0.6° 

















* Hydrolyzes on heating. 
— 

The group of benzofuroquinolines (table 19), as a whole, was less 
effective in every respect and less toxic than 3-aminodibenzofuran. 
The analgesic effect increased in both series from ‘quinoline’ to 
“‘N-methyltetrahydroquinoline”’; but in both series ‘‘tetrahydroquino- 
line” was least effective. There was very little difference between the 
two series (230-232 and 233-235). 

The benzofuroquinolines and their derivatives were synthesized and 
elucidated in their structure by Mosettig and Robinson (72). Appli- 
cation of the Skraup method to 3-eminodibenzofuran yields the iso- 
meric benzofuro[2, 3-f]-quinoline (230), and benzofuro[3, 2-g]-quino- 
line (233). High pressure reduction (chromite catalyst) leads to the 
corresponding tetrahydro compounds (231 and 234), the hydrogena- 
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tion attacking the pyridine nucleus only. Subsequent methylation 
gives the respective N-methyl-1, 2, 3, 4-tetrahydrobenzofuro[2, 3-f]- 
quinoline (232) and N-methyl-1, 2, 3, 4-tetrahydrobenzofuro[3, 2-g]- 
quinoline (235). 





SUMMARY 


Schematic review of the preparation of the principal compounds in the dibenzoe 
furan series. 
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The most active compounds in the dibenzofuran series were again, 
as in the phenanthrene series, among the amino alcohols. Also, as in 
the phenanthrene series, the amino alcohols were more active than the 
corresponding amino ketones; the analgesic effect decreased from the 
tertiary, through the secondary to the primary amino alcohol; and of 
the tertiary amino alcohols the diethylamino was superior to the 
piperidino and dimethylamino compounds. 

Quite uniformly the simple dibenzofuran derivatives, and especially 
the amino alcohols of the series, were more analgesic but at the same 
time more toxic and more convulsant than the corresponding phenan- 
threne derivatives, so that generally the margin of safety (ratio of 
analgesic to toxic dose) was about the same for both series. It must 
be pointed out that the correspondence holds only for the kind of 
substituent, not for its position, since the numbering of the dibenzo- 
furan nucleus has no systematic or genetic relation to the numbering 
of the phenanthrene nucleus. 

No conclusion can be drawn concerning the influence of hydrogena- 
tion on activity in the dibenzofuran series. There was no significant 
difference in activity between dibenzofuran and its tetrahydro 
derivative. Tetrahydroacetyldibenzofuran was decidedly more active 
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than the non-hydrogenated compound, but, on the other hand, the 
two corresponding diethylamino compounds of dibenzofuran and 
tetrahydrodibenzofuran were equally active. It should be noted, 
however, that the acetyl group and the alkamine side chain were in 
different positions in the hydrogenated and non-hydrogenated 
nucleus. 

The attachment of a nitrogen-containing ring to dibenzofuran has, 
so far at least, not resulted in compounds with promising qualities. 


(d) CARBAZOLE, AMINOCARBAZOLE, AND DERIVATIVES 














N NH, 
R 
R=CH;, C:Hs, COCH; 
TABLE 20.—Carbazole, aminocarbazole, and its derivatives 
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a a data for No. 268 to No. 338 refer to the hydrochlorides in which form the substances were admin- 
stere 


b Some hydrolysis, slight turbidity; solution not very stable. 

¢ Solutions not stable, turn blue in 24 hours. 

4 Pupils slightly dilated. 

¢ Solutions not stable, sensitive toward light 

4 Slight hydrolysis. 

¢ Slight hydrolysis only on warming. 

The compounds grouped in table 20, except carbazole itself, showed 
a relatively high analgesic effectiveness when compared to simple 
amino phenanthrene derivatives. Very remarkable were the low 
toxicity, the duration of analgesic and depressant effects, the per- 
sistence throughout the group of the fall in temperature, and the 
relatively mild emetic action. There is also chemically a common 
characteristic throughout the series; the compounds are weak bases 
and their salts are hydrolyzed, more or less, in aqueous solution. 

The two aminocarbazoles, Nos. 268 and 337, were practically 


identical in their effects. Methylation of the imino group (position 
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9) in the former increased its effect, while the same change in No. 337 
decreased its activity. The effectiveness of No. 268 was increased 
in the same way by methylation, ethylation, or acetylation of the 
imino group. In fact, the action of the three substances, 307, 339, and 
374, in the cat was qualitatively identicel, and quantitatively nearly 
identical. Any one of these three substances affords an opportunity 
to illustrate the dissociation between analgesic and depressant actions 
because of differences in their time relationships. The incidence 
and duration of the principal effects of No. 307 have been plotted in 
the accompanying figure. 

An exactly analogous figure could be made from the data of No. 339 
or 374. The substance was administered orally in a dose of 25 mg per 
kg to each of ten cats and ob- 
WG servations made at each hour 
Wy WV, Y, thereafter. In the figure, the 
successive columns indicate 
hours after the administra- 
tion of the drug, and the 
height of each column indi- 
cates the number of animals 
showing a particular effect 
ateach hour. The incidence 
LLY) of analgesia among the group 
: of ten animals is shown by the 
height of the lower unshaded. 


1 as 94353 %78 9 brs. portion of each column; the 
incidence of effect on rectal 


Duration of effects ; temperature, by the unshad- 
ed, plus the singly cross- 
shaded area; that of incoordination by the height of the column through 
the doubly cross-shaded area; and that of general depressant effect, 
by the total height of each column. For the group the average dura- 
tion of quieting effect was 8.0 hours, of disturbance of coordination 6.0 
hours, of fallin temperature 5.5 hours, and of analgesic effect 4.5 hours. 
The incoordination with aminocarbazoles seemed to be a disturb- 
ance of equilibrium rather than muscular weakness such as is caused 
by hypnotics in general, since often the animals which had received 
one of this group were able to leap normally, when their gait was 
distinctly staggering and their ability to right themselves was sub- 
normal. The aminocarbazoles quickened the respiratory rate regu- 
larly, often quickened the heart rate as well, and not infrequently 
caused the pupils to dilate slightly. 
Carbazole—Eastman’s practical carbazole, 90-95 percent, was 
purified through the picrate, recrystallization from xylene, and sub- 
limation in an oil-pump vacuum. 
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3-Aminocarbazole hydrochloride was prepared by reduction of the 
9-nitroso-3-nitrocarbazole with stannous chloride and hydrochloric 
acid, according to the method of Ruff and Stein (79). 
38-Amino-9-methylcarbazole hydrochloride (82).—The base, m. p. 
174°, was prepared by the method of Lindemann (80) by methylation 
of 3-nitrocarbazole and subsequent reduction with stannous chloride 
in glacial acetic acid. 
8-Amino-9-ethylcarbazole hydrochloride (82).—The base, m. p. 113- 
114°, was prepared analogously to the 9-methyl derivative (80) by 
ethylation of 3-nitrocarbazole and subsequent reduction. 
1-Aminocarbazole hydrochloride was prepared by Small and Meitzner 
(82), using a novel and very practical method, through catalytic re- 
duction of 1-nitro-3, 6-dibromocarbazole (81) with palladium-calcium 
carbonate catalyst, whereby simultaneously the bromine atoms are 
eliminated and the nitro group is reduced to the amino group. See 
also Lindemann and Werther (83), and Mottier (84). 
1-Amino-9-methylcarbazole hydrochloride was prepared in an analo- 
gous way by catalytic reduction of 1-nitro-3, 6-dibromo-9-methy]- 
carbazole (8/1, 82). Melting point of base, 102.5°. 
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Of the two amino alcohols (table 21), the diethylamino was much 
the more active; it was in fact the most effective so far, in respect to 
analgesic action of our carbazole series. Both were quite emetic and 
both were convulsant; but their toxicity was not very great. In 
making comparisons it should be remembered that the alkamine side 
chain is in position -2. 

6-Amino-1, 2, 3, 4-tetrahydrocarbazole was less analgesic than the 
corresponding nonhydrogenated compound, 3-aminocarbazole (268). 
No. 373 and particularly 372 were very low in activity; both have 
practically no basic character. 

This group of carbazole derivatives, like those of group 20, caused 
a persistent fall in temperature. 

2-[3-(Dimethylamino)-1-hydrory-n-propyl] 9-methyl carbazole hydro- 
chloride was synthesized by Small and Ruberg (85) by application of 
the Mannich reaction to 2-acetyl-9-methylcarbazole (86), (which had 
been prepared in a simplified manner), and subsequent catalytic reduc- 
tion of the resulting amino ketone. 

6-Amino-1, 2, 3, 4-tetrahydrocarbazole was prepared according to the 
directions of Perkin and Plant (87) by nitration of tetrahydrocarba- 
zole and subsequent reduction of the nitro derivative to the amine. 

1-Hydrory-1, 2, 3, 4-tetrahydrocarbazole was obtained by catalytic 
reduction of 1-keto-1, 2, 3, 4-tetrahydrocarbazole (82). The keto- 
tetrahydrocarbazole was prepared according to Lions (88). See also 
Coffey (89), and Mears, Oakeshott, and Plant (90). 

10-Hydrory-1, 2, 3, 10-tetrahydrocarbazole was prepared according 
to Plant and Tomlinson (91) by bromination, removal of hydrogen 
bromide, and subsequent replacement of the remaining bromine by 
hydroxyl. 
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SUMMARY 


Schematic review of the preparation of the principal compounds in the carbazole 
series. 
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All of this rather limited group of carbazole derivatives were gen- 
eral depressants, caused more or less incoordination, and brought 
about a moderate fall in temperature which persisted for more than 
5 hours. All of them exhibited definite analgesic action; their toxicity 
was low, and they rarely produced vomiting. The aminocarbazoles 
were the most active members of the group; the activity of one of 
them (No. 268) was increased almost twofold by alkylation of the 
bridge nitrogen. One of the amino alcohols studied was less effective 
than the corresponding aminocarbazole; the other was the most 
actively analgesic of the carbazole series. The few tetrahydrocarba- 
zole derivatives so far studied were relatively inactive. 
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CONCLUSIONS 


1. The order of decreasing effectiveness, particularly in depressant 
and analgesic actions, of partially hydrogenated phenanthrenes is: 
9, 10-dihydrophenanthrene, 1, 2, 3, 4-tetrahydrophenanthrene, 1, 2, 3, 
4, 5, 6, 7, 8-octahydrophenanthrene, and phenanthrene. Octahydro- 
phenanthrene and phenanthrene are practically identical in their 
action. 

2. The activity of phenanthrene may be enhanced, even to the 
éxtent of exhibiting some analgesic action, by the addition of simple 
substituents. The most effective are hydroxy- and amino groups. 

3. Simple derivatives carrying in position 3 -OH, -NH;, -COCHs, 
-CH,OH, -CHOHCH;, or -COOH, are in almost all respects more 
effective than the corresponding 2- or 9-derivatives. 

4. Alkylation or acetylation of the mono- or poly-hydroxyphenan- 
threnes (including morphenol) decreases effectiveness decidedly. 
The same relation holds with the carboxylic acids and their deriva- 
tives, the esters and amides, and with methylation or acetylation of 
the amino group attached directly to the nucleus, whether the nucleus 
is phenanthrene, 9, 10-dihydrophenanthrene, or 1, 2, 3, 4-tetrahydro- 
phenanthrene. 

5. No generalization can be made as to the influence on pharma- 
cological action of the entrance of another substituent in a given 
mono-substituted phenanthrene. There is a decided increase in 
effectiveness from 3-hydroxyphenanthrene to 3, 4-dihydroxyphenan- 
threne and from 3-hydroxy- to 3-hydroxy-4-amino-phenanthrene, but 
3-hydroxy-9-amino- and 9-hydroxy-10-amino-phenanthrene are less 
effective than compounds containing either substituent alone. 

6. An interesting side action is seen to a greater or less degree with 
many phenanthrene derivatives carrying a substituent in position 9. 
This consists in a particular type of incoordination, characterized by 
veratrine-like delayed relaxation. It is particularly apparent with 
the 9-carboxylic acid and its derivatives. 

7. Among the amino alcohols carrying the nitrogen and the alco- 
holic hydroxyl in a side chain the diethylamino alcohols show, gener- 
ally, the highest analgesic and depressant action, the dimethylamino 
derivatives are least active, and the piperidino compounds are usually 
intermediate; the last are often the most toxic. Comparatively the 
py-tetrahydroisoquinolino derivatives are exceedingly low in anal- 
gesic action. 

8. The amino alcohols of type -CHOHCH(CH;)NR, are, generally, 
less active than the lower homologs, -CHOHCH.NR;, and the latter 
are less active than the cmameksan of the type, -CHOHCH, 
CH.NR.. 
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9. The primary amino alcohols are much less effective than the 
tertiary alcohols, but are more emetic. 

10. No definite conclusion can be drawn as to the effect of intro- 
ducing a phenolic group into the phenanthrene nucleus of these amino 
alcohols. 

11. The amino alcohols derived from 9, 10-dihydrophenanthrene 
are, with the exception of the tetrahydroisoquinolino derivatives, 
highly analgesic, but are very convulsant. 

12. The amino alcohols derived from symmetrical octahydro- 
phenanthrene are locally irritant, since vomiting occurred very soon 
after oral administration. This interferes with correct evaluation 
of their activity. 

13. The most powerful synthetic analgesics are among the cyclic 
amino alcohols derived from tetrahydrophenanthrene. Here the 
isoquinolino derivatives show an activity equal to or higher than 
that of the other members of their respective groups. One of them 
(No. 407) produces in the cat a very typical morphine-like picture 
without evidence of convulsant action and almost without any emetic 
effect. 

14. The most active compounds in the dibenzofuran series are 
among the amino alcohols. These are more active than the corre- 
sponding amino ketones; the analgesic effect decreases from the ter- 
tiary through the secondary to the primary amino alcohol; and of the 
tertiary amino alcohols the diethylamino is superior to the piperidino 
and dimethylamino compounds. These results parallel the findings 
in the phenanthrene series. 

15. The simple dibenzofuran derivatives, and especially the amino 
alcohols of the series, are more analgesic but also more toxic and 
more convulsant than the corresponding members of the phenan- 
threne series, making the margin of safety (ratio of analgesic to 
toxic dose) about the same in both. The correspondence holds only 
for the kind of substituent, not for its position, since the numbering 
of the dibenzofuran nucleus has no systematic or genetic relation to 
the numbering of the phenanthrene nucleus. 

16. The attachment of a nitrogen-containing ring to dibenzofuran 
has, so far at least, not resulted in compounds with promising qualities. 

17. All of the limited group of simple carbazole derivatives studied 
are general depressants, cause more or less incoordination, and bring 
about a moderate fall in temperature which persists for more than 5 
hours. All of them exhibit definite analgesic action, their toxicity 
is low, and they rarely produce vomiting. 

18. The aminocarbazoles are very active members of the group; the 
activity of one of them is increased almost twofold by substituting 
the hydrogen of the imino group with ethyl or acetyl. 
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19. One amino alcohol studied is less effective than the correspond- 
ing aminocarbazole; the other exhibits definitely greater analgesic 
power. Both are, however, convulsant and quite emetic. 

20. The tetrahydrocarbazole derivatives are relatively inactive. 
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1. Introduction 


The purpose of the studies of drug addiction being carried on by 
the United States Public Health Service is to develop better methods 
for its prevention and treatment. With these ends in view two main 
avenues of approach have been undertaken: (1) Research into the 
true nature of drug addiction, and (2) a cooperative search for a 
non-addicting substance which possesses the clinically desirable 
attributes of morphine. The latter approach involves a study of the 
relationship of the structure of morphine, and chemically related 
opium compounds, and allied synthetic substances to the development 
of addiction. 

The hypothesis of a relationship between chemical structure and 
the various effects of morphine, including the production of addiction, 
has been discussed in another section (1), but the studies summarized 
in connection with that discussion have dealt only with the effects of 
single doses of the various substances investigated. However, in the 
administration of these drugs to man, the effect of single doses is 
not the important consideration from the standpoint of addiction. 
In man and animal, tolerance and addiction are developed by repeated 
and often very prolonged administration, though the time required 
will vary with the nature of the addictive substance and other factors. 
Different species vary widely in their natural tolerance to morphine 
and in the ease with which they acquire additional tolerance; and they 
vary even more widely in the ease with which they become physically 
dependent to morphine, and in this respect man apparently stands 
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first. Obviously, then, the extension of the study of suitable substi- 
tutes for morphine to their administration, and especially their 
repeated administration to man, is essential, and methods to this end 
have been devised. To carry out such studies the United States 
Public Health Service offered both a wealth of clinical material and 
unique opportunities for carefully controlled studies at the United 
States Penitentiary Annex, Fort Leavenworth, Kansas, and at the 
United States Public Health Service Hospital, Lexington, Ky. 

Certain compounds related to morphine and certain allied synthetic 
substances have been studied in an attempt to detect the presence or 
absence of the addiction factor in them, and to learn, if possible, 
whether this factor is related to a particular chemical structure. 
In other words, it is hoped that through these studies it will be possible 
to demonstrate a dissociation of the addiction factor from the other 
properties of morphine, and to identify this factor with some part of 
the chemical structure, in either the nucleus or outlying groups. 


2. Definitions 


The following definitions are presented at this point for the purpose 
of insuring uniform interpretation of the material to be reported and 
discussed : 

Addiction to opiates embraces three intimately related, but distinct, 
phenomena: namely, tolerance, habituation, and dependence. It should 
be emphasized that this is an artificial separation made for the 
purposes of description, and that the phenomena which make up the 
psycho-somatic complex known as addiction are intricately interwoven 
and interdependent. 

By tolerance is meant the gradual decrease in the effect produced 
by repeated administrations of a drug; or, conversely, a gradual in- 
crease in the dosage of the drug necessary to produce the same effect 
as did the initial dose (2). It is probably true that tolerance ulti- 
mately becomes of such magnitude that the effect of the initial dose 
cannot be reproduced by excessive doses. 

By habituation is meant the psychical phenomenon of adaptation 
and mental conditioning to the repetition of an effect. Habituation 
to opiates is probably more intense than habituation to other sub- 
stances. In a sense, habituation represents psychical dependence. 

Dependence is the term used to denote the distortion of normal 
physiologic processes which result from prolonged administration of 
addicting drugs, and which is manifested by the necessity for the 
presence of an adequate amount of one of these drugs in the body for 
the maintenance of physical equilibrium. The presence of depend- 
ence can be established only by the appearance of the characteristic 
syndrome of abstinence phenomena subsequent to withdrawal of 
drugs capable of maintaining dependence. Dependence as distin- 
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guished from habituation is physical rather than psychical. Since 
dependence to drugs other than the derivatives of opium in which the 
phenanthrene nucleus is present has not been satisfactorily demon- 
strated, it is safe to consider dependence as peculiar to this group of 
narcotics. 

Experience would lead one to believe that dependence rarely be- 
comes so intense that opiates are necessary to the maintenance of 
life; that dependence develops gradually in the human being, reach- 
ing a high degree of intensity, in the uninitiated, in approximately 6 
months; that it gains in intensity slowly after reaching this level; 
and that its development is favored more by regularity of adminis- 
tration than by the amount of the drug or the route of its adminis- 
tration. The rhythm most suitable to the development and main- 
tenance of dependence is based on the duration of dependence 
producing action of the particular opiate employed. Although 
dependence is intimately associated with tolerance and habituation, 
the intensity of these latter phenomena may be disproportionate to 
that of the former. 


3. Addiction Liability Studies 
(a) METHODS 


There are two methods by which the presence of the addiction 
factor in the substances to be investigated may be demonstrated: 

1. Attempt to produce physical dependence in non-addicted indi- 
viduals through regular and prolonged administration of the com- 
pounds in question. This method would be best, but has obvious 
disadvantages. 

2. Observe, when the compounds in question are substituted for 
morphine, whether they maintain preestablished physical dependence 
upon morphine. 

Experience indicates that no substances other than compounds 
chemically related to morphine will satisfy and maintain physical 
dependence to morphine. It is true that certain phenomena of absti- 
nence which follow withdrawal of morphine can be suppressed, aborted, 
or masked by other pharmacological agents; but these substances 
do not produce the clinical picture of normality which follows the 
administration of an adequate dose of morphine to an addict. Hence, 
it seems reasonable to suppose that satisfaction and maintenance ot 
dependence may indicate the presence of the addiction factor; that is, 
a substance which will satisfy and support physical dependence 
should be considered to be capable of producing it. 

The method of substitution, based on this hypothesis, has been 
used in these clinical investigations. In practice the following 
technique has been adhered to in the prosecution of the substitution 
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studies: Following their admission to the hospital, addicts are ob- 
served closely and frequently for objective signs of abstinence and are 
given no narcotic until evidence of valid dependence has been demon- 
strated. Then stabilization of the addict on morphine is accomplished 
by administering amounts adjusted so that the addict shows evidence 
of neither abstinence nor overdosage. Stability, or morphine balance, 
is achieved by reducing the amount of morphine until abstinence 
phenomena appear, and then increasing it until they disappear, thus 
giving the minimum amount required for maintenance of comfort. 

Stability, of course, is hardly an adequate term to use in this con- 
nection, for the state of physical dependence is a more or less artificial 
condition in which a constant ebb and flow is taking place between the 
approximate normality of the dependence satisfied state and the 
abnormality of the abstinence syndrome. In other words, physical 
dependence might be considered as a condition of constantly impend- 
ing abstinence which can be prevented or relieved temporarily by 
adequate doses of morphine or one of its addictive derivatives. Thus 
it is difficult to conceive of physical dependence so stabilized as to 
compare with the plateau of true normality. This concept is illus- 
trated in figure 1. The aim of stabilization is to approximate nor- 
mality as nearly as possible through the proper spacing and amounts 
of the doses administered. It should be pointed out that meeting 
the physical requirement in this manner does not necessarily satisfy 
the emotional requirement; that is, habituation is sometimes more 
intense than physical dependence. In other words, the psychical 
component of the psycho-somatic complex of addiction may be of 
greater intensity in some individuals than the physical component. 

After a period of stabilization on morphine for not less than 7 days, 
the substance in question is completely substituted for morphine in 
doses which are considered safe and adequate on the basis of the 
pharmacological studies. The doses and the intervals of their admin- 
istration are then adjusted so that dependence is maintained as nearly 
as possible at the same level of stability as when the addict was re- 
ceiving morphine. A substitution period of 7 days or more is consid- 
ered to be ample, and after 1 to 2 weeks of complete substitution, 
administration of the substituted compound is discontinued. Observa- 
tions for manifestations of abstinence are continued for 1 to 2 weeks 
following withdrawal. Thus the substance in question can be com- 
pared with morphine in respect to dosage, approximate duration of 
dependence satisfaction, adequacy of addiction satisfaction, and the 
. character and duration of the abstinence syndrome. Although the 
methods of observation and evaluation of the abstinence syndrome 
have been improved considerably since these studies were started in 
1933, no changes in the technique of carrying out the substitution pro- 
gram have been found necessary. 
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It has been stated that the diagnosis of physical dependence is 
made on the basis of the abstinence phenomena which appear follow- 
ing withdrawal of narcotics from addicted individuals. 
nomena may also be used to estimate the intensity of physical depend- 
Some of the signs characteristic of the abstinence syndrome 


These phe- 
































































































































































































































TABLE 1.—The abstinence syndrome 








Mild, or + 
Yawning. 
Lacrimation. 
Rhinorrhea. 
Perspiration. 


Moderate, or ++ 
Muscle tremor. 
Goosefiesh. 

Loss of appetite. 
Dilated pupils. 





Marked, or +++ 


Fever. 

Increase in respiratory rate. 
Restlessness. 

Insomnia. 


Severe, or ++++ 
Vomiting. 
Diarrhea. 
Weight loss. 
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are shown in table 1, listed in the approximate order of their appear- 
ance following withdrawal and grouped according to their significance 
in estimating the intensity of the abstinence syndrome. 
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There are many other signs and symptoms of drug deprivation 
which are not listed in this table, and which have not been used in 
abstinence syndrome evaluation. Methods for observation and evalu- 
ation have been described in considerable detail elsewhere (3, 4). 
The intensity of the abstinence syndrome may be estimated in degree 
from Mild (+) to Severe (+-+-++) by use of table 1, or it may be 
scored in points by assigning numerical values to certain of the mani- 
festations. It is obvious, of course, that the groupings used in the 
degree method are not sharply defined, but shade one into another as 
the intensity of the syndrome waxes and wanes. 

The point system of abstinence evaluation shown in table 2, and 
which has been described in another paper (4), takes into account 
those signs which are most accurately measurable, and requires a short 
period of stabilization for the purpose of acquiring base-line data 
(addiction means) on rectal temperature, respiratory rate, caloric 
intake, and blood pressure. Temperatures and respiratory rates are 
determined three times daily; weight and blood pressure are meas- 
ured every morning before breakfast; and caloric intake is obtained 
by weighing the food eaten and estimating its caloric value by the 
use of standard tables. Abstinence fever, rise in respiratory rate, loss 
of appetite, and rise in blood pressure are scored by allowing certain 
numerical values for the extent of their daily deviations from addic- 
tion means. Weight loss is measured from the last day of addiction. 
Except for emesis, the signs listed can receive only one score each per 
day. Diarrhea and insomnia were not included in this system because 
of the difficulties involved in measuring them accurately, and to keep 
the system simple. 


TABLE 2.—Daily evaluation of abstinence syndrome intensity by the point system 




















Signs Points Signs Points 
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Total abstinence syndrome intensity per day is sum of points scored. 


This method has the advantage of being thoroughly impersonal and 
completely objective, but it has the obvious disadvantage that the 
points assigned to the various phenomena are purely arbitrary. It is, 
however, based upon experience with a very large number of addicts, 
and has been shown to agree quite closely with the degree method (4). 
By deleting the scores for weight loss and anorexia, and limiting the 
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scores made on blood pressure, temperature, and respiration to 10 
points each, this system is used to detect changes in intensity of the 
abstinence syndrome which occur during periods of 1 hour or less. 
This modification of the point system for periods of less than 24 
hours was used in obtaining the data on the onset of the abstinence 
syndrome shown in figure 1. 


(b) RESULTS 


To facilitate description, and for the sake of brevity the results have 
been summarized and are presented in the form of a table (table 3), 
listing the findings on morphine and chemically related compounds 
which are considered to be most important from the standpoint of 
addiction. This arrangement permits ready comparison of the 
substituted derivatives with morphine and with one another in the 
following respects: 
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1. Dosage.—The number of injections required per day to main- 
tain stability (a factor which is considered to be as important as the 
amount needed) is based to a large extent on the duration of action 
of the particular substance administered in preventing the appearance 
of abstinence signs. With morphine, this effect lasts not much more 
than 6 hours; hence, four doses per day are required. It will be noticed 
that the number of injections required per day by the majority of the 
compounds studied was four, and that in most of these the duration 
of dependence satisfaction is given as 6 hours or more. It is possi- 
ble that some of these are effective for 7 or 8 hours, but this was not 
determined. The effect of dihydrohydroxycodeinone (Eukodal) lasted 
not much more than 6 hours, and that of dihydroisocodeine about 5 
hours. In the cases of dihydrodesoxymorphine-D and dihydromor- 
phinone (Dilaudid), compounds that satisfied dependence for not much 
more than 3 hours, it was attempted to produce stability by increas- 
ing the amounts administered. With the other compounds of brief 
action, however, the number of injections per day was increased in 
order to maintain stability. This was fairly effective in the case of 
dihydroheterocodeine, but not so satisfactory with 6-chloromorphide 
and methyldihydromorphinone. 

The actual amounts of the substitutes administered are not shown, 
but rather the group mean amount of the substitute required per day 
for the maintenance of stability in relation to the mean amount of 
morphine required by that group prior to the substitution. In mak- 
ing this comparison morphine was given the value of 1. Thus, from 
the standpoint of dependence satisfaction, it will be noticed that co- 
deine, for example, is about one-fifth as potent as morphine, whereas, 
dihydro-a-isomorphine is about twice as potent as morphine. The 
relative amounts given for dihydrodesoxymorphine-D and dihydro- 
morphinone (Dilaudid) are not accurate because of the attempts to 
prolong their actions by increasing the amounts administered. 

(2).—Adequacy of addiction satisfaction by the substituted com- 
pounds.—The term addiction is used here in its broad sense which 
includes tolerance, habituation, and dependence. 

Tolerance.—Two of the drugs showed effects early in the substitu- 
tion period to which morphine had not given complete cross-toler- 
ance. All of the patients who received 6-chloromorphide complained 
of burning at the sites of injections. No remarkable tolerance to this 
effect developed. Two of the cases had severe reactions to injections 
of 6-chloromorphide, consisting of scintillating scotomata, generalized 
hot flashes, profuse perspiration, and nausea and vomiting. This 
reaction started 7 minutes after the subcutaneous injection and lasted 
about 30 minutes. However, with each injection the reactions became 
less severe, and the development of complete tolerance to these effects 
took 3 days in one case and 5 days in the other. In several of the 
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patients, the first few injections of codeine were followed by local 
and general flushing and itching of the skin which lasted about an 
hour. 

Habituation.—Prevention and relief of the psychical manifestations 
of abstinence were obtained through the administration of all of the 
morphine-like substances employed except those listed in group I of 
table 3. Codeine, pseudocodeine, and isocodeine were considered to 
be inadequate in this respect; for with these drugs the patients stated, 
in effect, that the injections relieved their pain and aches and made 
them sleepy, but there was ‘‘something missing,’ and they did not 
appear to be as emotionally content as when they were receiving 
morphine. Although the increased number of injections and brief 
duration of satisfaction which attended substitution of 6-chloromor- 
phide and methyldihydromorphinone, and the reaction to 6-chloro- 
morphide were emotionally disconcerting to some of the patients, 
habituation satisfaction by both substitutes was adequate. 

Dependence.—Signs of abstinence were prevented by or disappeared 
after injections of all of the morphine-like compounds which were 
administered. The duration of dependence satisfaction by these com- 
pounds is considered under (1) Dosage. 

(3) The abstinence syndrome which followed withdrawal of the substi- 
tuted drugs.—Three features of the abstinence syndrome seem to offer 
the best means for comparison; namely, onset, intensity, and duration. 

Onset —The number of hours which have elapsed between adminis- 
tration of the last dose of the substitute and the appearance of definite 
signs of drug deprivation—that is, abstinence syndrome intensity of 
15 to 17 points—is called onset. With morphine, this occurs about 
14 hours following the last dose. By that it is not meant that the 
abstinence syndrome appears suddenly at this time; for, during the 
period which elapses between the expiration of dependence satisfac- 
tion and the onset of definite signs of abstinence, both the patient and 
observer are conscious of progressive discomfort which gradually 
becomes more tangible, and finally is clearly objective and measurable 
in its intensity. This is illustrated in figure 1. 

With nine of the morphine-like compounds investigated, the onset 
was equal to or slower than with morphine; with five it was definitely 
shorter (group III, table 3) and with one it was intermediate. There 
seems to be a direct relation between the time of onset of abstinence 
and the duration of dependence satisfaction. 

Intensity —The abstinence syndromes which appeared following 
withdrawal of pseudocodeine, a-isomorphine, dihydro-a-isomorphine, 
and dihydrocodeine methyl ether appeared to be less severe than the 
syndrome of morphine abstinence. By this it is not implied that 
these syndromes were of a mild character, but that their intensities 
were slightly, but definitely, less severe than the syndrome caused by 
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morphine abstinence. The abstinence syndrome which followed 
withdrawal of dihydroheterocodeine seemed slightly more intense 
than that of morphine. 

Duration.—The group mean number of days which elapsed between 
withdrawal and the disappearance of signs of abstinence is given as 
duration. It is not meant that in 5 to 8 days the patients were well, 
because it actually takes several months of abstinence for a patient 
to regain normality, but that in 5 to 8 days the abstinence syndrome 
was practically spent and evidences of recovery were obvious. 

Following withdrawal of morphine, most of the signs of drug 
deprivation have disappeared by the eighth day. It will be noticed 
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FIGURE 2. 


that the majority of the substances listed in table 3 were about equal 
to, and none exceeded, morphine in this respect. Recovery after use 
of the shorter acting compounds (group III) was usually somewhat 
quicker than from the longer acting compounds (groups I and II). 

A diagrammatic representation of the two types of abstinence 
syndromes seen following withdrawal of the compounds (listed in 
table 3) is shown in figure 2. The spread of the curves gives a rough 
indication of the ranges encountered. The curve labeled type ‘‘A”’ 
represents the abstinence syndromes which are practically indis- 
tinguishable from that following withdrawal of morphine, and shows 
what happens following withdrawal of the compounds listed in 
groups I and II. The curve indicated as type ‘“B” represents the 
syndromes which follow withdrawal of the compounds listed in group 
III. It will be noticed that the syndrome typical of the compounds 
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in group III shows a quicker onset and somewhat shorter duration 
than the syndrome characteristic of the compounds in groups I and II. 

In addition to the morphine-like compounds listed in table 3, two 
allied synthetic substances, 3-(1, 2, 3, 4-tetrahydroisoquinolino-)-4- 
hydroxy- 1, 2, 3, 4-tetrahydrophenanthrene (No. 259) and 6, 7-di- 
ethoxy-1-(3’, 4’-diethoxybenzyl)-isoquinoline (‘‘Perparin”) have been 
studied in regard to addiction liability. Neither of these substances 
exhibited any ameliorative effect on the abstinence syndromes which 
occurred when they were completely substituted for morphine in 
presumably effective amounts, nor did any recrudescence of the 
abstinence syndromes occur following their withdrawal. The findings 
in regard to ‘“‘Perparin” were made the subject of another report (5). 


(c) DISCUSSION 


On the basis of these data and experience, the 15 morphine-like 
compounds, studied in the manner described and the amounts adminis- 
tered, were divided into three groups (table 3) according to whether 
they appeared to be more or less apt to produce addiction than 
morphine, or about equal to it in this respect. 

Group I.—Codeine, pseudocodeine, and isocodeine were considered 
to be separable from the compounds comprising groups II and III 
because they did not seem to satisfy habituation, though it is true 
that this distinction is based to a large extent on subjective informa- 
tion. Experience indicates that codeine is an addictive drug (6), but 
it is well known that its addiction liability is less than that of mor- 
phine. Codeine addiction occurs infrequently probably because it 
produces relatively little euphoria, and thus is less desirable to the. 
potential addict, and because codeine is relatively expensive and 
bulky in effective amounts. In these investigations pseudocodeine 
and isocodeine seemed more akin to codeine than morphine, hence, 
they were classified with codeine as drugs considered to be less addic- 
tive than morphine. It is not possible to estimate how much less 
addictive they are because these studies have been largely qualitative. 
Chemically these drugs are members of the codeine series possessing 
phenolic hydroxyls which have been muzzled by methylation, and 
unmodified alcoholic hydroxyls. They differ from each other only 
in the position of the alcoholic hydroxyl on the molecule. 

Group IT is composed of those substances which resembled morphine 
so closely in addiction effects that they were not readily distinguish- 
able from it. Dihydroisocodeine appeared to be more or less interme- 
diate, but was placed in group IT because it resembled this group more 
closely than group III. It is possible that more comprehensive sub- 
stitution studies of a semiquantitative nature might separate the 
compounds into more closely defined classes. 
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Chemically, four of the drugs in group II are members of the 
codeine series but they differ from those of group I in that all have 
been hydrogenated, and three have modified alcoholic hydroxyls. 
The other drugs in this group are members of the morphine series. 
The chemical modifications of group II which distinguish it from 
group I are those which have been shown (/) to increase pharmacologic 
activity. 

Group III is composed of the substances characterized by brief 
pharmacological action. Chemically all of this group are members of 
the morphine series with modified alcoholic hydroxyls, and all except 
6-chloromorphide have been hydrogenated. In methyldihydromor- 
phinone a methyl group has been attached to the nucleus, probably 
at carbon-7. The compounds of this group, other than 6-chloromor- 
phide, are also more powerful and rapidly acting than morphine. This 
increase in pharmacological activity appears to extend into the realm 
of addiction, for in a general way it seems that the tendency of mor- 
phine derivatives to produce dependence increases with the chemical 
alterations which cause increased potency and speed of action along 
with shortened analgesic action. Such changes result in much smaller 
clinical doses, but necessitate more frequent administration for the 
control of pain. The development of dependence appears to be 
favored by stepping up the injection rhythm, for dihydrodesoxy- 
morphine-D (7),dihydromorphinone (Dilaudid) (8, 9), and dihydrohet- 
erocodeine ! produce dependence more rapidly than morphine when 
administered regularly for the continuous relief of chronic pain. 

Methyldihydromorphinone and §-chloromorphide differ from these 
three drugs in certain chemical and pharmacological features which 
appear to offer some hope that a dissociation of the dependence pro- 
ducing factor from the other properties of morphine may be accom- 
plished at little or no expense of analgesic action. Chemically they 
have outlying groups attached to the molecule in new positions, and 
animal experiments on the duration of analgesic action indicate that 
they equal morphine in this respect (1). Should this latter feature 
carry over to man, we would have for the first time compounds with 
analgesic action that exceeds dependence satisfying action. It would 
seem that the development of dependence would be less likely to result 
from the clinical use of such compounds than from one like morphine, 
in which the dependence satisfying action outlasts its analgesic effect. 
The ideal morphine substitute would appear to be one in which 
analgesia lasting 5 hours or more is retained, but the dependence 
satisfying action is reduced to 30 minutes or less, or better still, is 
completely absent. 


1 In one patient, who had a carcinoma of the prostate with painful bone metastases, dihydroheterocodeine 
was administered regularly for the control of pain. Evidence of physical dependence was present on the 
fifteenth day of administration. 
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Because of the hope offered by methyldihydromorphinone and 
8-chloromorphide the clinical studies have been extended so that now 
they include accurate determinations of the duration of analgesic and 
dependence satisfying actions in addition to the usual substitution. 
Through the relationships found between analgesia and dependence 
it is hoped that more definite degrees of addiction liability may be 
postulated for the compounds studied in the future. This in turn 
would permit of more specific inferences as to the influence of chemical 
structure on addiction than are possible at present, and might serve 
as a guide to future chemical researches. 

The extension of these studies includes electroencephalographic 
determinations of the comparative cortical effects of these compounds 
during the stabilization and substitution periods, and following with- 
drawal. These studies strongly suggest that changes in chemical 
structure affect the cerebral cortex in quantitatively and qualitatively 
different manners, and that cortical activity is altered during the 
withdrawal period. 

It seems highly improbable that either 3-(1, 2, 3, 4-tetrahydro- 
isoquinolino-)-4-hydroxy-1, 2, 3, 4-tetrahydrophenanthrene (No. 259) 
or 6, 7-diethoxy-1-(3’, 4’-diethoxybenzyl)-isoquinoline (‘‘Perparin’’) 
possesses any addiction liability whatever, since neither substance had 
any effect on the abstinence syndrome while being administered or 
following its withdrawal. 


4. Pharmacologic Clinical Studies 


Studies of the analgesic action of methyldihydromorphinone are 
being carried out by F. E. Boys, J. W. Logie, and A. Becker, at the 
University Hospital, Ann Arbor, Mich., under the supervision of 
Nathan B. Eddy. Their unreported findings, based on the adminis- 
tration of over 400 doses of methyldihydromorphinone to more than 
100 patients, indicate that this compound gives complete relief of pain 
within 10 to 20 minutes after subcutaneous injections of 7 mg, and 
that the analgesia lasts more than 2 hours. A sedative effect and 
partial relief of pain continued for a longer time. Relief of pain some- 
times followed injections of as little as 1 to 2 mg. With none of the 
doses used has there been any evidence of a depressant effect on respi- 
ration, of an emetic action, or of any other untoward result. In one 
case, a patient with an inoperable lymphoblastoma which was causing 
severe pain and cough, who had been receiving previously two doses 
of Pantopon per day, methyldihydromorphinone was administered 
repeatedly during a period of 1 month. At the outset the dose 
employed was 2 mg, but because relief was incomplete, alternate doses 
of Pantopon (22 mg) or morphine (16 mg) were given. After the dose 
of methyldihydromorphinone had been raised to 4 mg, the patient 
was kept comfortable for 2 weeks by two injections daily of this drug 
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alone. Although no signs of tolerance or dependence were detected 
in this case, not enough of the drug was administered to justify any 
conclusion as to its addiction liability. The clinical results on the 
analgesic effectiveness of methyldihydromorphinone do not seem to 
agree with the analgesic effect in animals previously reported (1) 
in respect to either intensity or duration of action. However, the 
criteria of effect in the two studies are very different and this difference 
may account for the apparent discrepancy. In animals the effective 
analgesic dose is based upon the smallest recognizable depression of 
pain sense, and in the determination of duration of effect this same 
criterion is used. In the clinical studies, on the other hand, a very 
rigid standard of complete relief of clinical pain is employed since we 
have no other means of evaluating in acutely ill patients a lesser degree 
of analgesic action. Also the duration of clinical analgesic effect is 
the duration of complete relief. 

Carefully controlled clinical observations on cough relief by codeine 
and dihydroisocodeine are being carried out by Lowrey F. Davenport, 
at the Middlesex County Tuberculosis Sanitorium, Waltham, Mass. 
His unreported results indicate that codeine and dihydroisocodeine 
are about equally effective against cough, and that, except in patients 
with very productive coughs, the uniformly effective oral dose of 
either drug is 10 mg. The antitussive action could be prolonged 
slightly by increasing the doses to 30 mg. These observations are 
noteworthy because they establish the minimal antitussive dose of 
codeine at 10 mg whereas 15 to 30 mg is the usual clinical dose range. 
The longest period of repeated administration of dihydroisocodeine 
in any case was 2 months, which is not long enough to permit con- 
clusions as to the development of tolerance and dependence. 


5. Conclusions 


From observations made on addicts, involving the substitution of 
15 related compounds for morphine, it is concluded that: 

1. All of the compounds studied possess addiction liability. 

2. Changes in the chemical structure of morphine alter the degree 
of addiction liability and other pharmacological actions in the same 
direction, but possibly not to the same extent. 

From observations made on addicts, involving the substitution of 
3-(1, 2, 3, 4-tetrahydroisoquinolino-)-4-hydroxy-1, 2, 3, 4-tetra- 
hydrophenanthrene and 6, 7-diethoxy-1-(3’, 4’-diethoxybenzyl)- 
isoquinoline (‘‘Perparin’’) for morphine it is concluded that neither of 
these synthetic substances possesses addiction liability. 


6. References 


(1) Small, L. F., and Eddy, N. B.: Part I of this report. 
(2) Himmelsbach, C. K., Gerlach, G. H., and Stanton, E. J.: J. Pharm. and Exp. 
Therap., 53: 179 (1935). 








(3) 
(4) 
(5) 
(6) 
(7) 


(8) 


(9 





CLINICAL STUDIES 129 


Himmelsbach, C. K.: Supp. No. 125 to the Public Health Reports (1937). 

Kolb, Lawrence, and Himmelsbach, C. K.: Am. J. Psychiat., 94: 759 (1938). 

Himmelsbach, C. K.: Supp. No. 122 to the Public Health Reports (1937). 

Himmelsbach, C. K.: J. Am. Med. Assoc., 103: 1420 (1934). 

Eddy, N. B., and Himmelsbach, C. K.: Supp. No. 118 to the Public Health 
Reports (1936). 

King, M. R., Himmelsbach, C. K., and Sanders, B. 8.: Supp. No. 113 to the 
Public Health Reports (1935). 

Daland, E. M.: Supp. No. 121 to the Public Health Reports (1936). 











List of Publications of the Committee on Drug Addiction, National Research 


Council, 1930-37 


[These publications represent results obtained in cooperation with the program 
of research of the Committee on Drug Addiction of the National Research 
Council, Washington, D. C., U. S. A.] 


1931. 
1931. 
1931. 


1932. 


1929. 
1930. 


1930. 
1931. 


1931. 
1932. 
1933. 
1934. 


1935. 


1936. 


1932. 
1932. 


1933. 


MISCELLANEOUS 


An attempted synthesis of a tricyclic system present in morphine. Richard 
H. Manske. J. Am. Chem. Soc., 53: 1104. 
Committee on Drug Addiction of the National Research Council. Wm. 
Charles White. Science, 73: 97-98 (Jan. 23). 
The indispensable use of narcotics. By various authors. J. Am. Med. 
Assoc., March 14 through June 6, inclusive. 
A contribution to the pharmacology of pseudomorphine. Janet Travell. 
J. Pharm. & Exp. Therap., 44: 123. 


PROGRESS REPORTS 


Progress report. Drug Addiction Laboratory, University of Virginia’ 
Lyndon F. Small. Mimeographed October 7. 

Idem. Lyndon F. Small and Erich Mosettig. _Mimeographed April 30. 

Idem. Mimeographed December 27. 

Progress report of the Drug Addiction Laboratory of the University of 
Virginia and the Pharmacological Laboratory of the University of Michi- 
gan. Lyndon F. Small and Nathan B. Eddy. Mimeographed April 22. 

Idem. Mimeographed November 28. 

Idem. Mimeographed November 26. 

Idem. Mimeographed November 8. 

Idem. Nathan B. Eddy, Erich Mosettig, and Lyndon F. Small. Mimeo- 
graphed December 1. 

Ninth Progress Report to the Committee on Drug Addiction of the Na- 
tional Research Council. University of Virginia, University of Michi- 
gan, United States Public Health Service. Nathan B. Eddy; C. K. 
Himmelsbach; Lyndon F. Small; and Erich Mosettig. Mimeographed 
November 30. 

Tenth progress report to the Committee on Drug Addiction of the Na- 
tional Research Council. University of Michigan, University of Vir- 
ginia, United States Public Health Service Hospital. C. K. Himmels- 
bach; Nathan B. Eddy; Lyndon F. Small; and Erich Mosettig. Mimeo- 
graphed November 28. 


UNITED STATES GOVERNMENT 


Chemistry of the opium alkaloids. Lyndon F. Small and Robert E. Lutz. 
U.S. Public Health Service, Supplement No. 103, Public Health Reports. 

Drug Addiction and measures for its prevention in the United States. 
Walter L. Treadway. J. Am. Med. Assoc., 99: 372. 

Malaria in narcotic addicts at the United States Penitentiary Annex, 
Fort Leavenworth, Kansas. C. K. Himmelsbach. Public Health Re- 
ports, 48: 1465. 

131 








132 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1935. 


1935. 


1936. 


1936. 


1936. 


1936. 


1937. 


1937. 


1937. 


1938. 


STUDIES ON DRUG ADDICTION 


The addiction liability of pseudocodeine. C. K. Himmelsbach. Mimeo- 
graphed by U. 8. Public Health Service, B-609a, July 30, Fort Leaven- 
worth, Kans. 

The addiction liability of isocodeine. C. K. Himmelsbach. Mimeo- 
graphed by U. S. Public Health Service, B-609b, Fort Leavenworth, 
Kans. 

The addiction liability of dihydrodesoxymorphine-D. C.K. Himmelsbach. 
Mimeographed by U. S. Public Health Service, B-670, Fort Leaven- 
worth, Kans. 

The addiction liability of codeine. C. K. Himmelsbach. J. Am. Med. 
Assoc., 103: 1420. 

Correlation of visceral and somatic activity following administration of 
hypnotics ... (A) Barbital compounds, and (B) Tribromethanol 
(avertincrystals and fluid.) J. P. Quigley; O. W. Barlow; and C. K. 
Himmelsbach. J. Pharm. & Exp. Therap., 50: 425. 

U. S. Patent Office, 1,980,972. Patented November 13th. Morphine 
derivative and processes for its preparation. Dihydrodesoxymorphine- 
D. Lyndon Frederick Small, assignor to Government of United States. 

Dilaudid (dihydromorphinone). A review of the literature and a study 
of its addictive properties. M. R. King; C. K. Himmelsbach; and B. S. 
Sanders. Public Health Reports, Supplement No. 113. 

A method for testing addiction, tolerance, and abstinence in the rat; results 
of its application to several morphine alkaloids. C. K. Himmelsbach; 
G. H. Gerlach; and E. J. Stanton. J. Pharm. and Exp. Therap., 53: 
179. 

U. S. Patent Office. 2058521. Patented October 27, 1936. Ethers of 
morphine and its dihydrogenated derivative, and methods of production. 
Lyndon Frederick Small, assignor to the Government of the United 
States. 

Experiments on the tolerance and addiction potentialities of dihydro- 
desoxymorphine-D (‘‘Desomorphine’’). Nathan B. Eddy and C. K. 
Himmelsbach. Public Health Reports, Supplement No. 118. 

The relief of pain in cancer patients. Ernest M. Daland. Public Health 
Reports, Supplement No. 121. 

Symposium on Drug Addiction held at the U. 8. Public Health Service 
Hospital, Lexington, Kentucky, October 14, 1936. U.S. Public Health 
Service. (This symposium contains articles by Wm. Charles White; 
Stuart J. Fuller; E. G. Williams; Lyndon F. Small; Nathan B. Eddy; 
C. K. Himmelsbach; and Lawrence Kolb). Hospital News, Vol. 3, No. 
23, December 1. 

Clinical studies of drug addiction. I. The absence of addiction liability in 
“Perparin.” C. K. Himmelsbach. Public Health Reports, Supple- 
ment No. 122. 

Clinical studies of drug addiction. II. ‘“Rossium” treatment of drug 
addiction. C. K. Himmelsbach. With a report on the chemistry of 
“rossium.’”’—Lyndon F. Small. Public Health Reports, Supplement No. 
125. 

The nursing care of drug addicts. C. K. Himmelsbach and Othilia T. 
Mertes. Trained Nurse and Hospital Review, 99: 495. 

Clinical studies of drug addiction. III. A critical review of the with- 
drawal treatments with method of evaluating abstinence syndromes. 
Lawrence Kolb and C. K. Himmelsbach. Am. J. Psychiat., 94: 759. 








1930. 


1930. 


1930. 


1930. 


1931. 


1931. 


1931. 


1932. 


1932. 


1932. 


1932. 


1932. 


1933. 


1933. 


1933. 


1933. 


1933. 


1933. 


1933. 


1934. 


1934. 





LIST OF PUBLICATIONS 133 


UNIVERSITY OF VIRGINIA, COBB CHEMICAL LABORATORY 


Scission of the methylenedioxyl group with aluminum bromide. Erich 
Mosettig and Alfred Burger. J. Am. Chem. Soc., 52: 2988. 

Ring enlargement with diazomethane in the hydroaromatic series. Erich 
Mosettig and Alfred Burger. J. Am. Chem. Soc., 52: 3456. 

Synthesis in the phenanthrene series. I. Acetylphenanthrenes. Erich 
Mosettig and Jacob van de Kamp. J. Am. Chem. Soc., 52: 3704. 

Note on the purification of phenanthrene. Frank L. Cohen and Ulysse 
Cormier. J. Am. Chem. Soc., 52: 4363. 

Desoxycodeine studies. I. The desoxycodeines. Lyndon F. Small and 
Frank L. Cohen. J. Am. Chem. Soc., 53: 2214. 

Desoxycodeine studies. II. The dihydrodesoxycodeines. Lyndon F. 
Small and Frank L. Cohen. J. Am. Chem. Soc., 53: 2227. 

New alkamines in the tetrahydronaphthalene series. Erich Mosettig and 
Alfred Burger. J. Am. Chem. Soc., 53: 2295. 

Desoxycodeine studies. III. The constitution of the so-called alpha- 
dihydrodesoxycodeine: _Bis-dihydrodesoxycodeine. Erich Mosettig: 
Frank L. Cohen; and Lyndon F. Small. J. Am. Chem. Soc., 54: 793. 

Desoxycodeine studies. IV. Tetrahydrodesoxycodeine. Lyndon F. Small 
and Frank L. Cohen. J. Am. Chem. Soc., 54: 802. 

Thebainone. Lyndon F. Small and David E. Morris. J. Am. Chem. 
Soc., 54: 2122. 

Studies of the phenanthrene series. II. Phenanthrene carboxylic acids 
and 9-bromophenanthrene derivatives. Erich Mosettig and Jacob van 
de Kamp. J. Am. Chem. Soc., 54: 3328. 

Reductions in the morphine series. I. Dihydropseudocodeine. Robert E. 
Lutz and Lyndon F. Small. J. Am. Chem. Soc., 54: 4715. 

The desoxymorphines. Lyndon F. Small and David E. Morris. J. Am. 
Chem. Soc., 55: 2874. 

Studies in the phenanthrene series. III. Hydroxyaldehydes and hydroxy- 
ketones. Erich Mosettig and Alfred Burger. J. Am. Chem. Soc., 
55: 2981. 

Studies in the phenanthrene series. IV. Phenanthrene-2, 3- and 9-alde- 
hydes. Erich Mosettig and Jacob van de Kamp. J. Am. Chem. Soc., 
55: 2995. 

Studies in the phenanthrene series. V. 9-acetylphenanthrene. Reduction 
products of 2-, 3- and 9-acetylphenanthrenes. Erich Mosettig and Jacob 
van de Kamp. J. Am. Chem. Soc., 55: 3442. 

Studies in the phenanthrene series. VI. w-aminoacetylphenanthrenes and 
aminomethylphenanthrylearbinols. Erich Mosettig and Jacob van de 
Kamp. J. Am. Chem. Soc., 55: 3448. 

Catalytic hydrogenation of the halogenomorphides: dihydrodesoxymor- 
phine-D. Lyndon F. Small; K. C. Yuen, and Louis K. Eilers. J. Am. 
Chem. Soc., 55: 3863. 

Metathebainone. Lyndon F. Small and E. Meitzner. J. Am. Chem. 
Soc., 55: 4602. 

Desoxycodeine studies. V. The so-called dihydrodesoxycodeine-A. Lyn- 
don F. Small and Robert E. Lutz. J. Am. Chem. Soc., 56: 1738. 

Reduction studies in the morphine series. II. The isomeric phenolic 
dihydropseudocodeines. Robert E. Lutz and Lyndon F. Small. J. Am. 
Chem. Soc., 56: 1741. 








134 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1936. 


1936. 


1936. 


1936. 


1936. 


1936. 


STUDIES ON DRUG ADDICTION 


Studies in the phenanthrene series. VII. 3-Hydroxyaminophenanthrenes, 
and amino ketones and alcohols derived from them. Hydroxyamino- 
phenanthrenes. Alfred Burger and Erich Mosettig. J. Am. Chem. 
Soc., 56: 1745. 

Reduction studies in the morphine series. III. Dihydro-gamma-isomor- 
phine. Lyndon F. Small and Robert E. Lutz. J. Am. Chem. Soc., 
56: 1928. 

Gamma-pseudomorphine. Lyndon F. Small and Burt Faris. J. Am. 
Chem. Soc., 56: 1930. 

The ethylthiocodides. David E. Morris and Lyndon F. Small. J. Am. 
Chem. Soc., 56: 2159. 

Reduction studies in the morphine series. IV. Allopseudocodeine. Rob- 
ert E. Lutz and Lyndon F. Small. J. Am. Chem. Soc., 56: 2466. 

An improved method for the preparation of morphenol. Erich Mosettig 
and Erich Meitzner. J. Am. Chem. Soc., 56: 2738. 

Reduction studies in the morphine series. V. Dihydro- and tetrahydro- 
pseudocodeine methyl ethers. Lyndon F. Small and Robert FE. Lutz. 
J. Am. Chem. Soc., 57: 361. 

Reduction studies in the morphine series. VI. Hydrogenation of alpha- 
and beta-isomorphines. Lyndon F. Small and Burt F. Faris. J. Am. 
Chem. Soc., 57: 364. 

Benzofuroquinolines. Erich Mosettig and Richard A. Robinson. J. 
Am. Chem. Soc., 57: 902. 

Studies in the phenanthrene series. VIII. Amino alcohols derived from 
1, 2, 3, 4, 5, 6, 7, 8-octahydrophenanthrene. Jacob van de Kamp and 
Erich Mosettig. J. Am. Cherh. Soc., 57: 1107. 

Amino alcohols derived from dibenzofuran. Erich Mosettig and Richard 
A. Robinson. J. Am. Chem. Soc., 57: 2186. 

Studies in the phenanthrene series. IX. Amino alcohols derived from 
1, 2, 3, 4-tetrahydrophenanthrene. Erich Mosettig and Alfred Burger. 
J. Am. Chem. Soc., 57: 2189. 

The Fries-Rosenmund rearrangement of N-acetylearbazole. Erich Meitz- 
ner. J. Am. Chem. Soc., 57: 2327. 

Reduction studies in the morphine series. VII. Pseudocodeinone. Robert 
E. Lutz and Lyndon Small. J. Am. Chem. Soc., 57: 2651. 

Note to the Editor on the preparation of 9, 10-dihydrophenanthrene and 
its derivatives. Alfred Burger and Erich Mosettig. J. Am. Chem. Soc., 
57: 2731. 

The addition of organomagnesium halides to pseudocodeine types. I. 
Desoxycodeine-C. Lyndon F. Small and Kechee C. Yuen. J. Am. 
Chem. Soc., 58: 192. 

Amino alcohols derived from 1, 2, 3, 4-tetrahydrodibenzofuran. Richard 
A. Robinson and Erich Mosettig. J. Am. Chem. Soc., 58: 688. 

Note to the Editor on trans- and cis-as-octahydrophenanthrene. Jacob 
van de Kamp and Erich Mosettig. J. Am. Chem. Soc., 58: 1062. 

Studies in the phenanthrene series. X. Naphthoquinolines. Erich Mo- 
settig and John W. Krueger. J. Am. Chem. Soc., 58: 1311. 

The addition of organomagnesium halides to pseudocodeine types. II. 
Preparation: of nuclear alkylated morphine derivatives. Lyndon F. 
Small; Howard M. Fitch; and William FE. Smith. J. Am. Chem. Soc., 
58: 1457. 

Ethers and hetero-ethers of morphine and its isomers. Burt F. Faris and 
Lyndon F. Small. J. Organic Chem., 1: 194. 





d 








1936. 


1936. 


1936. 


1937. 


1937. 


1937. 


1932. 


1932. 


1932. 


1932. 


1932. 


1932. 


1933. 


1933. 


1933. 


1933. 


1933 


1933. 


1933. 


1933. 





LIST OF PUBLICATIONS 135 


Studies in the phenanthrene series. XI. Propanolamines of the type 
CyyH,CHOHCH2CH:NR». Jacob van de Kamp and Erich Mosettig. 
J. Am. Chem. Soc., 58: 1568. 

Studies in the phenanthrene series. XII. Amino alcohols derived from 
1, 2, 3, 4-tetrahydrophenanthrene. Alfred Burger and Erich Mosettig. 
J. Am. Chem. Soc., 58: 1570. 

Studies in the phenanthrene series. XIII. 9, 10-Dihydrophenanthrene and 
amino alcohols derived from it. Alfred Burger and Erich Mosettig. 
J. Am. Chem. Soc., 58: 1857. 

Studies in the phenanthrene series. XIV. The preparation of 1- and 4- 
phenanthrol. Erich Mosettig and Harry M. Duvall. J. Am. Chem. 
Soc., 59: 367. 

Studies in the phenanthrene series. XV. Observations on substitution in 
9, 10-dihydrophenanthrene: Tetracyclic compounds derived from it. 
Alfred Burger and Erich Mosettig. J. Am. Chem. Soc., 59: 1302. 

The structure of bromomorphine. Lyndon Small and 8. Graeme Turnbull. 
J. Am. Chem. Soc., 59: 1541. 


UNIVERSITY OF MICHIGAN, DEPARTMENT OF PHARMACOLOGY 


The action of the codeine isomers and some of their derivatives. Nathan 
B. Eddy. Preliminary report. J. Pharm. and Exp. Therap., 45: 256. 

The measurement of the depressant action of the codeine isomers and 
related substances by the use of maze-trained rats. Nathan B. Eddy 
and A. Kenneth Simon. Preliminary report. J. Pharm. and Exp. 
Therap., 45: 257. i 

A comparison of phenanthrene and some 2-, 3-, and 9-monosubstitution 
products. Nathan B. Eddy. Preliminary report. J. Pharm. and 
Exp. Therap., 45: 257. 

A study of the effects of codeine and its isomers on the movements of the 
small intestine. Hugo M. Krueger and Nathan B. Eddy. Preliminary 
report. J. Pharm. and Exp. Therap., 45: 266. 

Studies of morphine, codeine, and their derivatives. I. General methods. 
Nathan B. Eddy. J. Pharm. and Exp. Therap., 45: 339. 

Studies of morphine, codeine, and their derivatives. Il. Isomers of code- 
ine. Nathan B. Eddy. J. Pharm. and Exp. Therap. 45: 361. 

Some new alkamines in the tetrahydronaphthalene series. Gerald G. 
Woods and Nathan B. Eddy. J. Pharm. and Exp. Therap., 48: 175. 
Studies of phenanthrene derivatives. I. A comparison of phenanthrene 
and some 2-, 3-, and 9-monosubstitution products. Nathan B. Eddy. 

J. Pharm. and Exp. Therap., 48: 183. 

Dilaudid. Nathan B. Eddy. J. Am. Med. Assoc., 100: 1031. 

Studies on intestinal movements. Hugo Krueger. Amer. J. Physiology, 
105: Proceedings, 65. 

Studies of the relation of the hydroxyl groups of morphine to its pharma- 
colugical action. Nathan B. Eddy. Preliminary report. J. Pharm. and 
Exp. Therap., 48: 271. 

The effect of some hydrogenated derivatives of the codeine isomers on 
intestinal movements. Hugo Krueger and Harold Gay. J. Pharm. and 
Exp. Therap., 48: Proceedings, 279. 

The effect of morphine on intestinal peristalsis. Hugo Krueger. Pre- 
liminary report. J. Pharm. and Exp. Therap., 48: 280. 

The effect of morphine on the pressure developed by the intestine. Hugo 

Krueger. Preliminary report. J. Pharm. and Exp. Therap., 48: 281. 











136 


1933. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 


1934. 
1934. 
1934. 


1934. 


1934. 


1934. 


1935. 


STUDIES ON DRUG ADDICTION 


Studies of morphine, codeine and their derivatives. II{. Morphine 
methochloride and codeine methochloride. Nathan B. Eddy. J. 
Pharm. and Exp. Therap., 49: 319. 

The effects of morphine and its derivatives on intestinal movements. 
I. Morphine and the codeine isomers. ‘iugo M. Krueger. J. Pharm. 
and Exp. Therap., 50: 254. 

Studies of morphine, codeine, and their derivatives. IV. Hydrogenated 
codeine isomers. Nathan B. Eddy. J. Pharm. and Exp. Therap., 51:35. 

Studies of phenanthrene derivatives. II. Mono-substitution products, 
first variations. The effect of muzzling the hydroxy group of 2- or 3- 
hydroxyphenanthrene. Nathan B. Eddy. J. Pharm. and Exp. Therap., 
51: 75. 

The effects of morphine and its derivatives on intestinal movements. IT. 
The effect of morphine on the pressures developed by the intestinal 
musculature. Hugo Krueger. J. Pharm. and Exp. Therap., 51: 85. 

The effect of morphine, dilaudid, dicodid and dihydrodesoxymorphine-D 
on the respiratory activity of rabbits. C.I. Wright and F. A. Barbour. 
J. Pharm. and Exp. Therap., 51: Proceedings, p. 139. 

A comparison of the effects of morphine, dilaudid, and dihydrodesoxy- 
morphine-D on intestinal movements. H.M. Krueger and H. A. Howes. 
J. Pharm. and Exp. Therap., 51: Proceedings, p. 139. 

The effect of codeine, dihydrocodeine and their isomers on blood pressure 
in unanaesthetized dogs. R. H. K. Foster. J. Pharm. and Exp. 
Therap., 51: 153. 

The effect of codeine, dihydrocodeine and their isomers on blood pressure 
in anaesthetized cats. R.H. K. Foster. J. Pharm. and Exp. Therap., 
51: 170. 

The respiratory effects of morphine, codeine, and related substances. 
I. The effect of codeine, isocodeine, allopseudocodeine, and pseudoco- 
deine on the respiration of the rabbit. Charles I. Wright. J. Pharm. 
and Exp: Therap., 51: 327. 

The respiratory effects of morphine, codeine and related substances. 
II. The effect of dihydrocodeine, dihydroisocodeine, dihydroallopseudo- 
codeine and dihydropseudocodeine. Charles I. Wright. J. Pharm. 
and Exp. Therap., 51: 343. 

The effect of morphine and its derivatives on intestinal movements. IIT. 
Peristalsis. H.M. Krueger. J. Pharm. and Exp. Therap., 51: 440. 
Studies of phenanthrene derivatives. III. Di-substitution products. 

Nathan B. Eddy. J. Pharm. and Exp. Therap., 52: 275. 

A method of damping the Krogh type spirometer for studying the respira- 
tion of rabbits. CharlesI. Wright. J. Lab. and Clin. Med., 19: 1334. 
Some studies on the drug addiction problem. Charles W. Edmunds and 

Nathan B. Eddy. Michigan Alumnus; Quarterly Review, 41: 250. 

Studies on the morphine addiction problem. C. W. Edmunds, Nathan B. 
Eddy, and Lyndon F. Small. J. Am. Med. Assoc., 103: 1417. 

Studies of morphine, codeine and their derivatives. VII. Dihydromor- 
phine (paramorphan), dihydromorphinone (dilaudid), and dihydroco- 
deinone (dicodid). Nathan B. Eddy and John G. Reid. J. Pharm. 
and Exp. Therap., 52: 468. 

The respiratory effects of morphine, codeine and related substances. III. 
The effect of morphine, dihydromorphine, dihydromorphinone (dilaudid) 
and dihydrocodeinone (dicodid) on the respiratory activity of the rabbit. 
Charles I. Wright and Fleming A. Barbour. J. Pharm. and Exp. 
Therap., 53: 34. 





1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1935. 


1936. 


1936. 


LIST OF PUBLICATIONS 137 


Studies of morphine, codeine and their derivatives. VIII. Monoacetyl- 
and diacetyl-morphine and their hydrogenated derivatives. Nathan B. 
Eddy and Homer A. Howes. J. Pharm. and Exp. Therap., 53: 430. 

The respiratory effects of morphine, codeine and related substances. IV. 
The effect of a-monoacetylmorphine, monoacetyldihydromorphine, 
diacetylmorphine (heroin) and diacetyldihydromorphine on the respira- 
tory activity of the rabbit. Charles I. Wright and Fleming A. Barbour. 
J. Pharm. and Exp. Therap., 54: 25. 

Studies of phenanthrene derivatives. IV. A veratrine-like action on 
skeletal muscle of certain 9-substitution products of phenanthrene. 
Ralph G. Smith. J. Pharm. and Exp. Therap., 54: 87. 

Contributions to the analysis of records obtained from balloons within 
Thiry-Vella loops of the dog’s ileum. Hugo Krueger, Isadore Lampe, 
J. G. Reid, and H. A. Howes. J. Pharm. and Exp. Therap., 54: 
Proceedings, p. 149. 

The effect of isomers of morphine and their hydrogenated derivatives on 
the respiration of the rabbit. C.I. Wright and F. A. Barbour. J. Pharm. 
and Exp. Therap., 54: Proceedings, p. 163. 

Phenanthrene studies; the effect of different nitrogen containing sidechains. 
Nathan B. Eddy. J. Pharm. and Exp. Therap., 54: Proceedings, 
p. 140. 

Studies of morphine, codeine, and their derivatives. V. The use of maze- 
trained rats to study the effect on the central nervous system of morphine 
and related substances. A. Kenneth Simon and Nathan B. Eddy. 
Am. J. Psychology, 47: 597. 

Studies of morphine, codeine, and their derivatives. VI. The measure- 
ment of the central effect of codeine, dihydrocodeine, and their isomers 
by the use of maze-trained rats. Nathan B. Eddy and Bertha Ahrens. 
Am. J. Psychology, 47: 614. 

Studies of morphine, codeine and their derivatives. IX. Methyl ethers 
cf the morphine and codeine series. Nathan B. Eddy. J. Pharm. and 
Exp. Therap., 55: 127. 

Studies of morphine, codeine and their derivatives. X. Desoxymorphine- 
C, desoxycodeine-C and their hydrogenated derivatives. Nathan B. 
Eddy and Homer A. Howes. J. Pharm. and Exp. Therap., 55: 257. 

The effects of morphine and its derivatives on intestinal movements. IV. 
Dihydropseudocodeine and dihydroallopseudocodeine. Hugo Krueger, 
Homer Howes, and Harold Gay. J. Pharm. and Exp. Therap., 565: 
288. 

Studies of phenanthrene derivatives. V. Homologous acids and aldehydes 
and some of their derivatives. Nathan B. Eddy. J. Pharm. and 
Exp. Therap., 55: 354. 

Studies of phenanthrene derivatives. VI. Amino alcohols of the etha- 
nolamine and the propanolamine type. Nathan B. Eddy. J. Pharm. 
and Exp. Therap., 55: 419. 

The respiratory effects of morphine, codeine and related substances. V. 
The effect of a, 8, y, dihydro-a-, dihydro-6- and dihydro-y-isomorphine 
on the respiration of the rabbit. Charles I. Wright and Fleming A. 
Barbour. J. Pharm. and Exp. Therap., 56: 39. 

The effeets of morphine and its derivatives on intestinal movements. V. 
Contributions to the analysis of intestinal records. Hugo Krueger, 
Isadore Lampe, and J. G. Reid. J. Pharm. and Exp. Therap., 56: 327. 


44192°—38 10 











138 






















1936. 


1936. 


1936. 


1936. 


1936. 


1937. 


1937. 


1937. 


1937. 


STUDIES ON DRUG ADDICTION 


Studies of morphine, codeine and their derivatives. XII. The isomers of 
morphine and dihydromorphine. Nathan B. Eddy. J. Pharm. and 
Exp. Therap., 56: 421. 

The effect of various distending pressures on the activity of the dog’s ileum. 
Margaret Sumwalt and Hugo Krueger. Am. J. Physiol., 116: Proceed- 
ings, p. 152. 

The effect of morphine on the activity of the dog’s ileum at various dis- 
tending pressures. Hugo Krueger and Margaret Sumwalt. J. Pharm. 
and Exp. Therap., 57: Proceedings, p. 131. 

The difference between the respiratory effects of morphine and the com- 
pounds derived from it by substituting various chemical groups in the 
6-carbon position. C. I. Wright. J. Pharm. and Exp. Therap., 57: 
Proceedings, p. 150. 

Studies of phenanthrene derivatives. VII. A comparison of analogous 
phenanthrene and dibenzofuran derivatives. Nathan B. Eddy. J. 
Pharm. and Exp. Therap., 58: 159. 

The action of morphine on the digestive tract. Hugo Krueger. Physiol. 
Rev., 17: 618. 

Analgesic and other effects of some carbazoles. Nathan B. Eddy. J. 
Pharm. and Exp. Therap., 60: Proceedings, p. 105 

The respiratory effects of morphine, codeine and related substances. VI. 
Compounds derived from morphine and dihydromorphine by substitu- 
tion in the 6-carbon position. Charles I. Wright and Fleming A. Barbour. 
J. Pharm. and Exp. Therap., 61: 422. 

The respiratory effects of morphine, codeine and related substances. VII. 
Compounds derived from codeine and dihydrocodeine by substitution 
in the 6-carbon position. Charles I. Wright and Fleming A. Barbour. 

_J. Pharm. and Exp. Therap., 61: 440. 




















Page 
Abstinence syndrome......_....-.---------- 118, 122 
Acedicon. See dihydrocodeinone enol acetate. 
Acetocodeine types__......-...--------------- 29 
Acetylallopseudocodeine.___.........------ 10, 19, 28 
Acetylation—M orphine series_-____..--------- 10, 19 
Acetylation—Phenanthrene series_ 49, 74, 79, 80, 81, 88 
BID 6 ihn os ci awownunnevccheasn 10, 19, 27 
Acetyleodeine isomers. See under Isomers. 
Acetyldemethylodihydrothebaine (same as 
EE re ee ee Ee 69 
Acetyldihydroallopseudocodeine__-____._------ 19, 28 
Acetyldihydrocodeine.__....__.----- 10, 19, 27, 28, 31 
Acetyldihydroisocodeine_____.._.--------- 19, 27, 31 
Acetyldihydromorphine. See Monoacetyldi- 
hydromorphine. 
Acetyldihydropseudocodeine- --___.----.----- 19, 28 
Acetylhydroxycodeinone_ ______-._----------- 31 
Acetylisocodeine.__.._.....--..----------- 10, 19, 27 
Acetyl-a-isomorphine. See Monoacetyl-a-i -iso- 
morphine. 
Acetyl-8-isomorphine. See Monoacetyl-6-iso- 
morphine. 


Acetyl-y-isomorphine. See Monoacetyl-y7-iso- 
morphine. 

PIN on oe ce dsecewas 48, 51 

Acetylmorphine. See Monoacetylmorphine. 

Acetylmorphine isomers. See under Isomers. 


Acetylphenanthrenes.--.-.....-.-.----------- 61, 62 

Acetylpseudocodeine- -.......------------- 10, 19, 28 
PEI = os occ dc ceecanwecneuntusceu 48, 50 
A een ere me 64 
Addiction— Definition._-_-.........----------- 115 
Addiction— Discussion --._-...------- 2, 122, 125, 126 
Adrenaline types—Phenanthrene series- _----- 73, 78 
Alcoholic esters of morphine_-------.---------- 10, 19 
Alcoholic ethers of morphine_____-__----------- 9,17 
Alcoholic hydroxy] configuration - - __-_- 14, 15, 16, 26 

Alcoholic hydroxy] substitutions _ : 9, 

13, 18, 19, 20, 22, 23, 24 

Aldehydes—Phenanthrene series_--_---------- 61 

Alicyclic unsaturated linkages_________.--__-- 26 

Alkylation—Alcoholic hydroxyl. --__--.-.----- 9,17 
Alkylation— Phenanthrene series_ ____--_------ 47 
Alkylation— Phenolic hydroxyl______..------- 7,8 

Allopseudocodeine._________.. 5,7, 15, 19, 21, 22, 23, 28 
Amines, primary ____-_-_-_- _.. 55, 69, 74, 76, 78, 99 
Amines, secondary _______.------- 55, 69, 76, 78, 86, 99 
Amines, tertiary........_....-- 55, 69, 74, 76, 78, 86, 99 
Amino alcohols—Carbazole series-_ _-- -- 106, 107, 108 
Amino alcohols—Dibenzofuran series-- - - - = 99 
Amino alcohols— Phenanthrene series__- ---_ -- 40, 
73, 76, 79, 81, 85, 88, 92, 95 

Aminocarbazoles - _ - J ss ps i ln 
Aminocodeine__ ee aaees ; 29 
Aminocodides. _____-__- tas 21, 24 
Aminoketones— Dibenzofuran i. 99 
Aminoketones— Phenanthrene series____-___-- 72 


INDEX 

















Page 

Aminomorphides-_-_------------- ‘ . 21,24 
Aminomorphine-_-___--...-. ---- ciate xeon apenas 21, 29, 30 
Aminophenanthrenes-.-_--.---..-.------ 51, 52, 54, 55 
Amyldihydromorphinone_. -____.-.._--------- 32,38 
Analgesia—Definition_.-...._.........-------- 6 
Basic derivatives— Morphine series--_--__- 21, 23, 34 
Benzofuro-[2, 3-f]-quinoline-_--_...-...----.--- 101 
, N-Methyl-1, 2, 3, 4-tetrahydro._.. .-.. 101 

=, 1, 2 , 4 2etranyare................... Wi 
Benzofuro-[3, 2-g]-quinoline_._.....-........... 101 
, N-Methyl-1, 2, 3, 4-tetrahydro-___.__--- 101 
———,, 1, 2, 3, 4-Tetrahydro-__........-.-.-.--- 101 
hensiaahedines... ee: 
Benzyldihydrodesoxymorphine-D.. Wat eeete sa 8, 12 
Benzyldihydromorphine--_-_-__--.-....----.---- 8, 27 
Benzyl ethers, phenolic_-.-_---.-------- es 8 
Pe a re 4,8, 27 
Benzylmorphine methy] ether__-------- Bato 8 
Blood pressure effects_.-.....----.------------ 8,15 
Bromocodeine_.--___-- Suixatianeis tees eee 29, 30 
14-Bromocodeinone____._....-----.-------- 30,31, 32 
Bromocodide.____-_-- a eas - 12, 13, 28, 24 
Bromomorphide--__--_--- .-.-- 4,12, 13, 23, 24 
Bromomorphine-.--- ---- 29 
Carbazole__._-_- . 41, 103, 104, 109 
———, 1-Amino- - - oat ata .--. 103, 104, 105 
——., 3-Amino. - _- : 103, 104, 105, 108 


——-, 6-Amino-l, 2, 3, 4-tetrahydro__._ 106, 107, 108 


———, 1-Hydroxy-l, 2, 8, 4-tetrahydro.__ 106, 1 











07, 108 


———., 10-Hydroxy-1, 2, 3, 10-tetrahydro_- - 106, 
107, 108 
———, 1-Keto-1, 2, 3, 4-tetrahydro_.. .....__- 108 
pene eo. oc ec cada dacacensne as 105 
——, 1-Nitro-3, 6-dibromo. BA Ss eacstreeacs 105 
———, 9-Nitroso-3-nitro...........-...--..---- 105 
——, 9-Acety]: 
—_—, ———, 3-Amino__-__. ‘ ..--- 103, 104, 105 
——, 9-Ethyl: 
——,, ———, 3-Amino- - ..------- 108, 104, 105 
———, 9-Methyl: 
——-, ———,, 2-Acetyl_.....-----.--------..- 108 
—_; ——, l-Amino-_--_...-..-----.-- 103, 104, 105 
—_, ——, 3 Amino-_-_____---.--.-.---- 103, 104, 105 
——-—, , 2-[2-( Diethyl-amino)-1-hydroxy- 
PUIG 2G. on encsannaamaroceacucedes 107, 108 
‘ , 2-[3-(Dimethylamino) -1 - 
hydroxy-n-propy]]__-_------ - 106, 107, 108 
——, ——, 1-Nitro-3, 6-dibromo 105 
Carbazole—Numbering system - 103 
Carbazole—Schematic relations_- 109 
Carbinols— Dibenzofuran series 97 
Carbinols—Phenanthrene series 61 
i, EEE AE LR aeRO in ROR 90 
Chemical structure and action— Ce one slusions . 34, 
69, 95, 102, 109, 110, 125 


139 








Page 
Chemical structure and action— Discussion -- - > 

37, 114 
Chlorocodeine - - -- Se See ee ee ee 29, 30 
i ND ic ceca enecen 12, 13, 21, 23, 24, 27 
RE ee ee 12, 13, 23, 28 
Chlorodihydrocodide- - - 5, 11, 13, 21, 23, 27, 28 
8-Chlorodihydrocodide_-----....-.--.---------- 13 
8-Chlorodihydrocodide---------..------------ 13 
Chlorodihydromorphide----------- 5, 11, 13, 23, 27. 28 
a-Chloromorphide- - -----.------ 4, 12, 13, 21, 23, 24, .7 
£-Chloromorphide_ 4, 12, 13, 21, 23, 28, 121, 122, 123, 126 
TTR See ee ae 29 


Codeine - -- - - 4, 7, 8, 14, 18, 19, 23, 27, 30, 34, 121, 123, 125 
Codeine isomers. See under Isomers. 


Codeine methobromide---_------.------------ 33 
Codeine methochloride----------------------- 34 
Codeine methomethy] sulfate____----.-.------ 51 
Codeine methyl ether_--------- peeLe aes 9, 18, 27 
IE te ecapaneen ten 16 
Convulsant action—Definition.__ ----.------ 6 
Curare-like action. -----.----- Snipa AA 34 
Cyclic amino alcohols. - - --.-....----.----- 88, 90, 92 
CR  odinnink subnbeeaoneed cae Kuee 92 
Data, explanation of. _---...---.--------- 6, 42, 116 
Dependence— Definition._-_........-.-..------ 115 
Depression, general— Definition - ----.------ 6 


Desocodeine. See Dihydrodesoxycodeine-D 
Desomorphine. See Dihydrodesoxymorphine- 
D. 


Desoxycodeine-C sacnesces 04k, RELIES 
Ee ee ee eae 11 
Desoxymorphine-C ______.-.------- 5, 11, 12, 21, 22, 28 
IB So wiccinc came mse cn cnuenstenee 11 
Diacet yldihydrohydroxycodeine-B _ ---_.----- 31 
Diacetyldihydrohydroxycodeine-C - _.__.._-- 31 
Diacetyldihydromorphine___-_-.__--._--- 27, 121, 125 
Diacetylmorphine - ------.....-.---- <ceanceadesius 27 
Diastereomers. See also Isomers_-_...-.. 4,7, 14,15 
SR i ticnptul we xcnanenedic 41, 97, 98, 102 
i I ccncukicocctwaccsccmcscecdsee 
ieee IID sg = ain nian nica anieibiinwicinind ema 97, 98 
———, 2-(2-Amino-1-hydroxy-ethyl) -.....--- 99, 100 
———., 2-[2-(Diethylamino)-1-hydroxy-ethy]]_ 99, 100 
———., 2-[2-(Diethylamino)-1-oxo-ethyl]_-_---- 99, 100 
——,, 3-Dimethylamino- -__..........------- 97, 98 


———.,, 2-[2-(Dimethylamino)-1-hydroxy-ethy]]_99,100 
———.,, 2-[2-(Dimethylamino)-1-0xo-ethy]]____ 99, 100 
———., 2-[2-(Ethylamino)-1-hydroxy-ethy]]_ _ 99, 100 








——, 2-Methy] carbinol__................-.. 97, 98 
———., 2-(2-Piperidino-1-hydroxy-ethy])_____- 99, 100 
Sees ho ee re ae eer 97, 98 
——., 1, 2, 3, 4-Tetrahydro..........-.-.-.-.. 97, 98 
——, ——-, 7-Acetyl_.........-------..---- 97, 98 
, —, 7-[2-(Dimethylamino)-1-hy- 
ie eek ening is scmnmiocinn 99, 100 
2-Dibenzofuran carboxy DUN hic chtcccucienk 97, 98 
ER ee 97, 98 
Dibenzofuran—Comparison with Phenanth- 
aA cpa alii cesta sicainai ds iniernihmectiits 97, 100 
Dibenzofuran—Numbering system ____-...-.- 97 
Dibenzofuran—Schematic relations_-__--__---- 102 
Dibenzofuran system in morphine_.___._....- 25, 41 
Dicodid. See dihydrocodeinone. 
8-Diethylaminocodide -__.............-------- 23, 24 
8-Diethylaminomorphide_____._....--.------- 23, 24 


Dihydroallopseudocodeine__..__ 7, 15, 19, 20, 22, 25, 28 


140 INDEX 








Page 
Dihydrocodeine - - ----- 7, 14, 18, 19, 20, 22, 23, 27, 31, 32 
Dihydrocodeine isomers. See under Isomers. 
Dihydrocodeine methy] ether (same as Tetra- 
hydrothebaine)-_.----.....------ 18, 27, 121, 123, 125 
Dihydrocodeinone-------.----------- 16, 20, 24, 25, 31 
Dihydrocodeinone enol acetate _-_._ 28, 32, 69, 121, 125 
Dihydrodesoxycodeine-D___-___--_-- 11, 12, 21, 22, 28 
Dihydrodesoxymorphine-D-_-_..__.--.-.--------.- 8, \ 
11,12, 21, 22, 24, 25, 28, 121, 122, 126 
Dihydroheterocodeine-___ 9, 14, 18, 27, 121, 122, 124, 126 
Dihydrohydroxycodeine-A - -...-.--------- 30, 31, 32 
Dihydrohydroxycodeine-B---__-..-----.-- 30, 31, 32 f 
Dihydrohydroxycodeine-C _ _____.....----- 30, 31, 32 ‘ 
Dihydrohydroxycodeines-_--.--....-.-----.--.- 29, 30 
Dihydrohydroxycodeinone. 27, 29, 30, 69, 121, 122, 125 
Dihydroisocodeine__..........-.-.------------ 7, 
14, 19, 20, 22, 23, 27, 31, 121, 125, 128 
Dihydro-a-isomorphine___.........---.------- Zz. 
8, 14, 18, 20, 22, 23, 27, 121, 123 
Dihydro-a-isomorphine alcoholic ethyl ether.. 14, 
18, 27 
Dihydro-a-isomorphine alcoholic methylether. 14, 
18, 27 
Dihydro-8-isomorphine_______-_-.__-- 7, 15, 20, 22, 28 
Dihydro-y-isomorphine___-_--_-_-_- 7, 8, 15, 20, 22, 25, 28 
Dihydroisomorphinone-. --__.--.-------------- 16, 20 


Dihydromorphine_._ 6, 8, 14, 18, 19, 20, 22, 23, 27, 32, 45 
Dihydromorphine alcoholic ethyl] ether__.. 14, 18, 27 
Dihydromorphine isomers. See under Iso- 


mers. 
Dihydromorphinone--__- --- 16, 20, 24, 32, 121, 122, 126 
Dihydrophenanthrene derivatives__.....---.- 40, 
43, 54, 61, 70, 81, 95 
Dihydropseudocodeine - - -- - -- - - 7, 15, 19, 20, 22, 25, 28 
Dihydropseudocodeinone-____--_--..--..--- 15, 16, 20 
oe eer 16, 28 
Dihydrothebainone_-_--_-_.---...-.---- eae 25, 27 


Dilaudid. See Dihydromorphinone. 

Dionin. See Ethylmorphine. 

Diphenylene oxide. See Dibenzofuran. 
Di-substitution phenanthrene derivatives. 50, 64, 69 





Emetic action—Definition______......-...---. 6 
Ephedrine types—Phenanthrene series_--..... 76,79 
Esters (alcoholic) of morphine --_----------.-- 10, 19 
OE A ERE IEE oe 72, 81, 85 
Ether oxygen bridge, opening of. -_-._..----.. 25, 34 
Ethers of morphine..............-..-..--.. 7, 8, 9, 18 
Ethylation—Morphine series -_-----.--------. 8, 18 
Ethyldihydro-a-isomorphine_-..__.-..-.------ 8, 27 
Ethyldihydro-y-isomorphine-__-_------.------ 8, 28 
Ethyldihydromorphinone- ----_--..----------- 32 
Ethy] ethers, alcoholic___..._._.......-.------ 18 
Ethyl ethers, phenolic... -.--......----------- 8 
Ethyl-a-isomorphine_______...__._...--------- 8, 27 
Ethyl-y-isomorphine._- _-..-.......-.--------- 8, 28 
MUI ont cabu ck usuGlctiecewecucse 4,8 


Eucodin. See Codeine methobromide. 
Eukodal. See Dihydrohydroxycodeinone. 









Exciting effect—Definition. -...........--.--- 6 
Habituation—Definition.___.............--.. M5 
Halogenocodides_--..-...........--.--- 5, 11, 12, 13, 21 
Halogenomorphides--______....._----- 4, 11, 12, 13, 21 
Heart, effect on conduction in______-..-..---- 90 
Heroin. See Diacetylmorphine. 

Heterocodeine._............------ _. 8,9, 14, 18, 27 











Page 

Homologous derivatives — Phenanthrene 
Ricca niss cst wen ecews ons csacendeddebes 61, 66, 92 
Hydrogenation—Carbazole series - --__-- 106, 107, 108 
Hydrogenation—Dibenzofuran series -- - -- 97, 98, 101 
Hydrogenation— Morphine series _--_--_-.---- 5, 
11, 21, 26, 28, 29, 34 
Hydrogenation—Phenanthrene series. _-----_- 40, 


43, 54, 61, 81, 85, 88, 92 


Hydroxyacetylphenanthrenes --__.........--- 63 
Hydroxyaminophenanthrenes. ____.__..--.-_- 58 
14-Hydroxycodeine. _..........-.....-...--.-- 30 
Hydroxycodeinone. .._.._...------.------- 27, 29, 30 


Hydroxy], alcoholic. See Alcoholic hydroxyl. 
Hydroxyl, phenolic. See Phenolic hydroxyl. 
Hydroxyphenanthrenes- -_-_.-_--.----------- 47, 48 


Hydroxyphenanthrylene oxides_._....-....-- 48 
SR iiiixa css cass cceuedcncdanmeceed 7,15 
Tsocodeine---_-..-.-..--- 5,7, 14, 19, 23, 27, 121, 123, 125 


Isomerism, spatial_-_-_.....-.....-.------- 4, 15, 17, 34 


Isomerism, structural__.....-.-----.----- 


Isomers of acetylcodeine_-___.-.-..------------ 

Isomers of acetylmorphine___._-_____-._--_-_- 10, 19 
Isomers of chlorocodide____..-.._....-.------- 12,19 
Isomers of chlorodihydrocodide____-_-__--_-_- 13 
Isomers of chloromorphide-----_---..-..------- 12,19 
ipameers OF GeGenes. .. ...................-. 4,7, 14,15 
Isomers of dihydrocodeine__--_----------.--- 5,7,14 
Isomers of dihydrocodeinone_-_-__--_-.--_---- 16 
Isomers of dihydrohydroxycodeine__...____. 30, 31, 32 


Isomers of dihydromorphine-_-__---- 


Isomers of dihydromorphinone- -__-.- ree as 16 
Isomers of ethylmorphine___.________-_------- 8,17 
Isomers of morphine_.____..__._-_ 4, 5, 7, 14, 15, 27, 28 
Isomers—Phenanthrene OEE. on snaees 47, 


48, 52, 55, 58, 61, 63, 66, 69, 73, 76, 88, 90 
Isomethyldihydrocodeinone - - 30 
a-Isomorphine... 4, 5, 7, 8, 14, 18, 19, 23, 27, 121, 123, 125 
a-Isomorphine alcoholic ethyl] ether________ 14, 18, 27 
aIsomorphine alcoholic methyl ether_.____ 14, 18, 27 


8-Isomorphine_______.____-- 4, 5, 7, 15, 19, 21, 22, 23, 28 
+-Isomorphine-.--_-__-- 4, 5, 7, 8, 15, 18, 19, 21, 22, 23, 28 
-Isomorphine alcoholic ethyl ether-____-_- ou “Oe 
+-Isomorphine alcoholic methyl ether__--_--_- 5,9, 18 
Isonitrosoacetylphenanthrenes.__-___- Ee 75 
Isopropyldihydromorphinone-.. --_.----------- 32 
Isoquinoline, 6,7-Diethoxy-1-(3’, 4’-diethoxy- 
RUNNIN 3 OE a oe aca 125, 127 
Isoquinoline system in morphine---.-----.-.-- 39 
Ketones—Dibenzofuran series ____________-_- 99 
Ketones— Morphine series___-__- _ 16, 20, 32 
Ketones—Phenanthrene series__-_ _---_- 61, 63, 64, 72 


Methods of study.___._. iii, 1, 39, 40, 42, 104, 114, 116 
Methoxymethyldihydromorphine. ---__-_- ‘ 8 
Methylation—Morphine series.._.............. 7,18 
Methyldihydrocodeine.__. SE Ae 20, 30, 32 
Methyldihydrocodeinone._____.........._. 20, 30,32 
Methyldihydrocodeinone enol acetate. _.____- 32 
Methyldihydromorphine__...._........_-- 20, 30, 32 
Methyldihydromorphinone_.____-__.---------- 20, 


30, 32, 33, 121, 122, 123, 126, 127 


Methy] ethers, alcoholic__...........--------- 9, 18 
Methyl ethers, phenolic. .___._........_----.- 8 
Methylmorphenol.........  _......---------- 48, 51 
a-Methylmorphimethine_____..._......._-..- 51 





INDEX 


- 4,5, 7, 14, 27, 28 | 








Page 

8-Methylmorphimethine______._._.________- 51 
8-Methylmorphimethine methomethy]sulfate- 51 
e-Methylmorphimethine_....._.....-....- 2. 6 
Methylmorphine. See Codeine. 
Monoacety] dihydromorphine____________- 10, 19, 27 
Monoacetyl-a-isomorphine. -______........--.- 10, 19 
Monoacety]-8-isomorphine__-_._._........-.-- 10, 19 
Monoacetyl-y-isomorphine. -............----- 10, 19 
Monoacetylmorphines__-._...............--- 10, 19, 27 
Monohydroxyphenanthrenes...___........--- 47 
PN c a sccectccccndcadsncadnaun 41, 48, 49, 51 
Morphigenine (Vahle™:’s)..............---- 58, 60, 61 
Morphine-______---.-..-- 2, 4, 7, 8, 14, 18, 19, 23, 27 

30, 34, 39, 45, 51, 59, 69, 114, 118, 121, 122, 123, 124 
Morphine alcoholic ethy] ether. ._........- 14, 18, 27 
Morphine alcoholic methyl ether. See Het- 

erocodeine. 

IIIS oa iecins cc cccncancscancecadas 4, 10,19 
Morpaine ethers... .....<..0sesc0...-- 4, 7,8, 9, 18 
Morphine isomers. See under Isomers. 
Morphine-like effect—Carbazole series_-----.- 104 


Morphine-like effect—Phenanthrene series... 74, 94 


Morphine methochloride. -_...........--.---- 34 
Morphine—Numbering system__-._-._..----- 4 
Morphine sulfonic acids. -............-------- 29 
RMD coos eon acwneGaunscachansanusus 48, 49 
Muzzling, alcoholic hydroxyl_............---- 17, 34 
Muzzling, phenolic hydroxyl. ._...-...-.---- 7, 8, 34 
Muzzling hydroxyl—Phenanthrene series _ 48, 
49, 69, 74, 79, 88 
Naphthalene. ...........-..-.- 46, 65, 70 
8-(1-Naphthoyl)-propionic acid ___-__-_..---- 46 
8-(2-Naphthoy])-propionie acid____ -___-.--- 46 
y-(1-Naphthyl)-n-butyrie acid _-._---.---.---- 46 
+-(2-Naphthyl)-n-butyric acid -_--...---.-- . 46 
PON Sk sc cecansmauidhdaramnaien 29 
Nitrogen, modification of__.-.......-.----.-- 33, 34 
Nitrosomorphine- ---...--.-.-- wiht geen 29 
DUO WON CFE ian on ncn ccnceccsnce- sn 37 
Nuclear substitutions— Morphine series 20, 


29, 30, 31, 32, 34 


Numbering systems -- . 4, 40, 97, 103 


Octahydrophenanthrene derivatives____.___-. 40, 
43, 61, 63, 70, 85, 95 
Gembedenic activity... ..... 0.25. .6500-.cee cu 65 
Peronin. See Benzylmorphine. 
Perperin............. Senaeneces acosss= Leap hee 
Phenanthrene-_-------------- _ 40, 43, 45, 53, 70, 96 
—, 2-Acetoxy.. --.--- Ben fe een Se oe 47 
eet ost wads cde wan onan 47 
he GSS :wici caedncwansanssacadaced 61, 62 
pe RANDY casinos caeces soca = 252 OR OONOe 
cece 5 | a 61, 62, 64 
———, 3-(Acetylamino)-_........-.---.-------- 52 
(IR iss pon acasconsteans .--. 61,62 
pecncninin a RINNE occa e ccna nccancsdccenne 61, 62 
i IOS 6 a cnnceneeaseconanas : iahmieiiaes 52, 56 
ecient MR cicada edness eead Aadun ven 52, 56, 60 
apart a de on cua de imi ue ne 52, 60 
——~, 3-(2-Amino-1 +hydroxy-ethyl)... 73, 74, 75, 100 
-—, 3-(2-Amino-l-hydroxy-n-propy]) -.. 76,78, 79 
——, 9-(Aminomethy]) ..-.-..-.-------------- 52, 53 
eae, IN 3 5 oon de csewanencescacecnanes 53, 68 
peceentet NS is uitaccsddcasosecsacdends 61, 62 
aw, CARIN. a no oe onda ca sce sce <«wn CLO 








142 INDEX 








Page 
Phenanthrene, 9-Cyano-___._-.-------.---- 53, 62, 68 
———, 3, 4-Diacetoxy..................-.....- 48 
cine 2 PD si cnnhdvnwnsiotinaawweend 48, 50 
———., 3-[2-(Diethylamino)-1-hydroxy-ethyl].. 73, 
74, 75, 100 

——., 3-[2-(Diethylamino) - 1-hydroxy-n-pro- 

DOE oo cn nidiccnedccscnnatiche seeds 76, 78, 79 
—-——., 3-[3-(Diethylamino) - 1-hydroxy- n-pro- 

DE 5 «inden dannennabintens caus Vaeianee 77, 78, 79 
——, 3-[2-(Diethylamino)-1-oxo-ethy]] - ---- 72, 74, 75 
——., 3, 4-Dihydroxy-.-_...................... 48, 49 
———, 3, 6-Dimethoxy-4-acetoxy_..........--. 48, 50 
——, 3-Dimethylamino..__-.....-.-.---.-.. 52, 53 

, 3-(2(Dimethylamino) -1-hydroxy- 

Re eee er Oe Cade ne era ae 73, 74, 75, 100 

, 9-(2-(Dimethylamino)-l-hydroxy- 
SE ick iktnear4Gkwobwanncnabeecescte 73, 74, 75 





, 3-[2-(Dimethylamino)-l-hydroxy-n- 
|, SE a nmer eee 











- , 3-[2-(Dimethylamino)-1-oxo-ethy]] ------ 72, 
74, 75, 100 
pea NS ono cndiicneaiaeckeeniwnecues 47 
ean I sn sinciinise omtinceiona tas ow aiae 47 
——., 9-Ethoxy-10-acetylamino- -__-......--- 58, 60 
———., 3-[2-(Diethylamino)-1l-acetoxy-ethyl]]... 73, 
74, 75 
——, 3-[2-(Ethylamino)-1-hydroxy-n-propy]] 76, 
78, 79 
tia I in tls Sain niiermeicatlansbes 47 
Se, ene 47 
——,, 3-H ydroxy....--.---..--.---.-.- 47, 49, 60, 64 
eee oe a ond canine aibamnn 47 
nomi ENT. o ocicnsceccenaannonsc 47, 48, 60, 64 
——.,, 3-Hydroxy-6-acetyl___........-.---- 63, 64, 65 
——.,, 9, Hydroxy-10-acetyl__._........---- 63, 64, 65 
———, 9-H ydroxy-10-Acetylamino--_-_._------- 58, 60 
——., 3-H ydroxy-4-amino__._.........------- 58, 60 
——,, 3-H ydroxy-9-amino..._./_......------- 58, 60 
——., 9-H ydroxy-10-amino_...___...._.-.-- 58, 60, 61 

- , 3-H ydrox y-6-[2(dieth ylamino)-l- 
RINT Sioa cn cre ukapncingin 79, 80 

, Hy droxy-6-[2-(diet hylamino)-I- 

NE iio oin ick ci caxamenaccouens 79, 80 
EG icp iisinncusiakibinibnewes 47 
anieent hes. 47, 64, 68 
——., 3-Methoxy-6-acetyl__........--.---- 63, 64, 65 
———, 3-Methoxy-9-acetyl___.......-._-.-- 63, 64, 65 
——., 9- Methoxy-10-acetylamino- _._.....--- 58, 60 
——, 3- Methoxy-9-amino-__._...........---- 58, 60 
———., 9- Methoxy-10-amino-_-___............-- 58, 60 
———,, 3-Methoxy-9-diacetylamino-__......-- 58, 60 

——,, 3-Methoxy-9-(2-(dimethylamino)-1 
INTE 5 oa Ec nccs nn ccewnnnccas 79, 80 
——., 2-Methy] carbinol____.............- 61, 62, 63 
——, 3-Methy] carbinol-__............---- 61, 62, 63 
——, 9-Methy] carbinol___-...........--- 61, 62, 63 


———., 3-(2-Piperidino-1-hydroxy-ethyl)_...... 24, 
73, 74, 75, 100 
———., 3-(3- Piperidino-1-hydroxy-n-propyl)... 77, 








78, 79 

———., 3-(2- Piperidino-1-oxo-ethyl)_....._.. 72, 74, 75 

rine NOL...» cacamncimndneccnnan navn 61, 62 
, 3-[3-(1, 2, 3, 4-Tetrahydroisoquinolino)- 

1-hydroxy-n-propy]]. ........-...-......- 77, 78, 79 

8 2. ae 40, 43, 44 

—, ——_, 2-Acetyl..........-.------.- 56, 61, 62 


—, ——, 2-Amino.____......-.....----.- 54, 56 





Page 

Phenanthrene, 9, 10-Dihydro, 2-{2-(Diethy!- 
amino)-1-acetoxyethyl]__....-............-- $1, 83 

3 , 2-[2-(Diethylamino)-1-hydroxy- 
NE issues eka isl Sng es 81, 83 

. , 2-[2-(Diethylamino)-1-hydroxy- 























»——, 2-Dimethylamino ____-..-.. 5A, 56, 57 








OURO oct sok ene ace coke ee 81, 83 
» ——, 2-(2-Piperidino-1-acetoxy-ethy])-_81, 83 
»——, 2-(2-Piperidino-l-hydroxy- 






















































































ends ns naccuereweee panes Ronedtes 81, 83 

»——, 2-(2-Piperidino-l-hydrox y-n- 
ND, ae ee ee 82, 83 

i » 2-[2-(1, 2,3, 4-Tetrahydroisoquin- 
olino)-l-acetoxy-ethyl] _....-...... .-----.- 81, 83 

» ——, 2-[2-(1, 2, 3, 4-Tetrahydroisoquin- 
olino)-1-hydroxy-ethy]] ............-........ 81, 83 

" , 2-[2-(1, 2, 3, 4-Tetrahydroisoquin- 
olino)-1-hyroxy-n-propyl] -...------ -------- 82, 83 

, (Cis, trans) 1, 2, 3, 4, 9, 10, 11, 12-Octa- 
ne eee epee ee See: ee eee 45 
, (Sym.) 1, 2, 3, 4, 5, 6, 7, 8-Octa-hydro.. 40, 
43, 44 
——, ——,, 9 Acetyl. .-- eee 61, 62, 87 

= , 9-[2-(Diethylamino)-1-hydroxy- 
ethyl] i pst ts cS ts lcs Spi gr Val hl Spas rb be es 85, 87 

» , 9-[(2(Dimethylamino)-1-hy- 
NINN oa eo eS 85, 87 

" , 9-(2-(Dimethylamino)-I-hy- 
CS, | [eee eae eee aCe se Se ae 86, 87 

‘ , 9-(2-(Ethylamino)-1-hydroxy-n- 
“| DEERE ENE RARE a Nef Ere Pe Ord Sere 86, 87 
| eh ae ae eee 63, 64, 65 
—, —_, 1-Oxo__. 2.2222. 63, 64, 65 

»—— , 9-(2-Piperidino-l-hydroxy- 
"1, OR, Se ae A Ae a ne ee ee 85, 87 

. , 9-(2-Piperidino-1-hydroxy-n- 
| Sa ene ae on 86, 87 
—_—, Ay |, a a ee 61, 62 
——,, 1, 2, 3, 4-Tetrahydro_........__-.--- 43, 44, 46 
—_, ——, l-Amino.__........--------- 55, 56, 57 
—_,, ——,, 4-Amino._.....-...-.------- 55, 56, 57 
——, , 3-Diethylamino-4-hydroxy ____- 88, 90 

—_—, , 3-[((Diethylamino)-methyl]4- 
Ie ee gee tk ee ee oe 2, 93, 94 

> , 3-[(Diethylamino)-methyl]-4- 
Dei stitticiniseadsininstnpinbimetihaiecwit Wankibuninaning & 92, 93, 94 
» ——, 1-Dimethylamino-___.__......_- 55, 56 
——.,, ———, 4-Dimethylamino______....._.-. 55, 56 


—, —-—, 2-(Dimethylamino)-1-hydroxy_ 88, 90 
—, ———, 3-(Dimethylamino)-4-hydroxy_ 88, 90 














" , 9-[2-(Dimethylamino)-l-hy- 
ce | ae ee ae eae 86, 87 
> yi 46, 57, 63, 64, 65, 93, 94 
—, ——, 4-Keto__.....--- 46, 57, 63, 64, 65, 93, 94 
——., ———, 1-Methylamino._.............. 55, 56 
——, ———, 1-Oxo (Oxime)__._._..__- 57, 63, 64, 65 
——, ———, 4-Oxo (Oxime)__...._.._- 57, 63, 64, 65 
——, ———, 2-Piperidino-1-hydroxy -_____--_- 88, 90 


———, ——, 3-Piperidino-4-hydroxy__.._____ 88, 90 
»——, 2-(Piperidino-methy])-1-hy- 
REE ee ae ee So Oe 93, 94 


























INDEX 





Page 


Phenanthrene, 1, 2, 3, 4-Tetrahydro, 2-(Piper- 
idimo-zmetiiyl)-1-020.. .. 2. 6c eno desnncscan- 
———, —-—, 8-(1, 2, 3, 4- Tetrahydroisoquino- 
BE NI in gs anc See shawnee 


" , 2-(1, 2, 3, 4-Tetrahydroisoquino- 
PR AI oo oo vow bown ee cearsansdces 
i. , 3-(1, 2, 3, 4-Tetrahydroisoquino- 
Rite) 8 ROME 5 oo seo n ea oene 88, 90, 125, 127 
, 3-[ (1, 2, 3, 4-Tetrahydroisoqui- 




















, 




















nolino)-methyl]-4-hydroxy-___.__.----------- 93, 94 
Phenanthrene-2-carboxylic acid_____-.--.-- 66, 67, 68 
SD FS oa nas aeaine acd 66, 68 
RO a a 66, 68 
Phenanthrene-3-carboxylic acid-___--------- 66, 67, 68 
- sg NUR ed Pitta Sad cia a5 a bas . 66, 68 
——, 4- (Diethylamino)-ethy] ester - ee ee 66, 67, 68 
——-, Dimethyl amide. -._.---...-.-.------- 66, 68 
Se ee ene 66, 68 
Phenanthrene-9-carboxylic acid________---- 66, 67, 68 
pes eee eS 66, 68 
———, -(Diethylamino) ethyl eater - _ 66, 67, 68 
——., 3-Methoxy...........---......-------- 66, 8 
——., Methy] ester........_-.---------- . 66, 68 
——., l, 2, 3, 4, 5, 6, 7, 8-Octahydro. [oe . 66, 68 
Phenanthrene- 3-propionic acid__......_-..- 66, 68, 69 
5 NS sl caiela nae aioe ics ate 66, 68, 69 
—, Methyl ester........----.---------- 66, 68, 69 
Phenanthrene—Absorption of. .-.-.---.----- 44 
Phenanthrene—Comparison with carbazole - -- 97 
Phenanthrene—Comparison with dibenzo- 

_ . ES eee sendin .-- 97,100 
9-Phenanthrone, 10, 10-Dichloro. pu awddeeauenun 48 
Phenanthrenedisulfonate_..... .------------- 5 
Phenanthrene methyl alcohols. See Phenan- 

threne carbinols. 

Phenanthrene—Numbering system__-_---____- 40 
3, 4-Phenanthrene quinone. - -._.---...-.----- 49 
9, 10-Phenanthrene quinone- ---_-.....---_-- 48 
9, 10-Phenanthrene quinone monoxime-- ----- 61 


Phenanthrene—Schematic relations-_-_---__-_- 70, 95 


3-Phenanthrene sulfonic acid _--___...--._.-_- 50 

Phenanthrene system in morphine........__ 2, 39, 45 

Phenanthroic acids. See Phenanthrene car- 
boxylic acids. 

Phenanthrols. See Hydroxyphenanthrenes. 

8-(2-Phenanthry]l)-acrylic acid_____-_- aioe 69 

8-(3-Phenanthry]l)-acrylic acid__-..-_..__.___- 69 


4, 5-Phenanthrylene oxide_____.-.....___-- 25, 41, 48 
cee Tw |, A ee 














143 


Page 
41, 48, 49, 51 
48, 51 


4, 5-Phenanthylene oxide, 3-Hydroxy..- 

——, 3-Methoxy._.................-.-- 
Phenanthrylene oxide system in morphine 
Phenolic ethers of morphine _---_--- oe ee 


Phenolic hydroxy] substitutions 4, 7,8, 9, 10, 12, 13 
Physical properties and action. 37 
Piperidino-ethanol_-______-- 24 
8-Piperidocodide___._...___..--- 6, 23 
6-Piperidodihydromorphide - - - 23, 24, 27 
6-Piperidomorphide- - - _-_--- 23, 24, 27 


8-Piperidomorphide. - - _- " 23, 24 
Polyhydroxyphenanthrenes - - _- ‘ 48 
Propanolamines. -_---...-------- 76, 82, 86 
Pseudocodeine_-_. 5, 7, 18, 19, 21, 22, 23, 28, 121, 123, 125 
Pseudocodeine methy! ether- 6,9, 18 
Pseudocodeine pheny] ether 18 


Pseudocodeinone -_-_-- 6, 15, 16 
Pseudomorphine - - - -- : : 27 
Pyridino-dibenzofurans. See Benzofuroquino- 
lines. 

Quarternary alkylates - - 33, 34 
Respiratory etfect—Definition__ _- 6 
Schematic relations—Carbazole series_- 109 
Schematic relations— Dibenzofuran series 102 
Schematic relations—Phenanthrene series-_____ 70, 95 


Tetrahydroallopseudocodeine_.._____...------ 22, 25 
Tetrahydrocarbazole derivatives_.._.... 106, 107, 108 
Tetrahydrodesoxycodeine_ ____.__-_- 11, 12, 21, 22, 25 
Tetrahydrodesoxymorphine___--_- 6, 11, 12, 21, 22, 25 
Tetrahydrodibenzofuran derivatives_____- 97, 98, 101 
Tetrahydro-y-isomorphine_____.-..--..---- 21, 22, 25 
Tetrahydroisoquinoline derivatives____- 77, 81, 88, 93 
Tetrahydromorphine derivatives__....._ 5, 12, 22, 25 


Tetrahydrophenanthrene derivatives__-__..._- 43, 

55, 63, 70, 86, 88, 92, 95 
Tetrahydropseudocodeine-_-___..._......--- 21, 22, 25 
Tetrahydropseudomorphine_- ep s 27 


Tetrahydrothebaine (Same as Dihy droc odeine 
methylether)._._......___-- 10, 18, 27, 28 


aa _ 29, 30, 31, 50 
Thebainone_-_._.__---_---- Se 27 
Tolerance—Definition.-_...____-- 115 
Toxicity—Detnition ....................... 6 


Veratrine-like effect _____- 















